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 EFFECTS OF SEAT AND BACK REST INCLINATION ON WHEELCHAIR PROPULSION OF
 
INDIVIDUALS WITH SPASTIC CEREBRAL PALSY 
CHAPTER I 
Introduction 
For most people, the inherent physical ability to move through the environment is often a 
forgotten daily occurrence. For others this essential skill is extremely difficult yet necessary to function 
independently. Without the ability to function independently, an individual often becomes reliant on others 
to achieve essential life skills which impact domains important to human life. These domains include 
home and family, vocational/educational, community involvement, and recreational/leisure (Polloway, 
Patton, Payne & Payne, 1989). Although obvious, many people do not think about the importance of 
mobility in performing activities of daily living. Since the motor difficulties stemming from cerebral palsy 
can have a large impact on an individual's ability to live independently, there have been several attempts to 
improve motor function. One attempt to improve motor function has been to identify the optimal seat 
position for individuals with cerebral palsy. 
Tref ler (1992), defined positioning as: "act of placing a child with disabilities in a posture of 
readiness to perform" (pg. 13). Positioning is considered to encompass all body orientations including 
sitting, standing and lying down. The ultimate goal of positioning is to place the individual in an 
arrangement which is comfortable, safe, and allows the individual to participate in daily activities. 
Regarding sitting position, there are several important areas of consideration which must be adhered to. 
Areas of consideration discussed within the literature on selecting the proper sitting position consist of 
psychosocial, economic, and physical characteristics of the user chair interface (Trefler, 1992; St. Georges, 
Valiquette & Drouin, 1989). 
Trefler (1992), suggested that psychosocial aspects of positioning should consider promotion of 
positive peer interactions. Chairs should be constructed in styles and colors that are considered age appropriate. Seat positioning should be maintained at a height which allows for maximum social 
interaction. The positive interaction between peers can reinforce an individual's feelings of self-respect. 
This may include placing the individual during class sessions in a chair which allows interaction with peers 
at eye level. The individual with a disability should also be positioned such that her/his self esteem is 
enhanced by the position (Trefler, 1992). The cost of assistive devices, although not primary, is also an 
important consideration when deciding on a seating position. Growth considerations often compound the 
economic problems as seating systems will only last for two or three years. 
Physical considerations for seat positioning include safety and allowances for the functional 
ability of the individual. Safety in seat positioning is primarily controlled by the physical characteristics of 
the seating device. The device must not have sharp edges and must maintain balance when used within 
normal daily activities (Cooper, 1990a). The seating device must also provide protection against decubitus 
ulcers. This is often accomplished with proper padding and the monitoring of time spent in one position. 
Proper positioning should also promote functionality or the physical and psychological readiness to execute 
tasks and provide the individual access to other assistive technology (Trefler, 1992). Functionality is 
achieved when the body is placed in a stable posture which promotes the maximum use of the body. 
Extensive research has evaluated how seat orientation affects upper extremity function and 
spasticity of the lower extremities in static conditions (Nwaobi, Brubaker, Cusick & Sussman, 1983; 
Seeger, Caudrey & O'Mara, 1984; Nwaobi, Hobson, & Trefler, 1985; Myhr, & von Wendt, 1991; 1993; 
McClenaghan, Thombs, & Milner, 1992; Nwaobi, 1986a; 1986b; 1987). Little research has been done, 
however, on the effect of back and seat rest inclination during dynamic activities such as wheelchair 
propulsion. 
After reviewing the literature on the mechanics of wheelchair propulsion, Brubaker (1986), 
suggested that mass distribution with respect to the rear wheels is the factor most strongly related to control 
and efficiency of propulsion in manual wheelchairs. Mass distribution is primarily controlled by the 
horizontal and vertical position of the seat with respect to the rear wheel axle. Brubaker suggested that 
although the inclination of the back and seat rests did have some control over mass distribution, yet, the 3 
control and efficiency of propulsion in manual wheelchairs was not significantly affected. However, 
research reviewed by Brubaker involved subjects with spinal cord injuries and amputations. No evidence 
was presented that examined the effect of back and seat rest inclination would have on the performance 
characteristics of individuals with cerebral palsy. Previous research on wheelchair propulsion did not 
consider the functional differences in upper extremities which have been found in several studies 
examining seat and back rest inclination in a static condition ( Nwaobi, Brubaker, Cusick & Sussman, 1983; 
Nwaobi, Hobson, & Trefler, 1985; Myhr, & von Wendt, 1991; 1993; McClenaghan, Thombs, & Milner, 
1992; Nwaobi, 1986a; I986b; 1987). 
The importance that mobility plays on an individual's ability to perform daily living skills is 
considerable. Without the ability to move efficiently one becomes dependent on others to achieve the tasks 
necessary for daily living. Given that previous research found improved upper extremity function with 
certain seat orientations, further investigation of seat orientation has on wheelchair propulsion by 
individuals with cerebral palsy was deemed necessary. 
Problem Statement 
The purpose of this study was to determine the kinematic differences in manual hand-rim 
wheelchair propulsion of individuals with Class III and Class IV spastic cerebral palsy at different seat 
orientations. Although there appears to be a relationship with seat orientation and upper extremity function 
in a static position. Further research was needed to investigate dynamic movement. A secondary purpose 
of this study was to investigate the motion of subject center of mass during propulsion in the different 
seating conditions. 4 
Hypothesis 
Ho: Seat inclination angles of 0/-5, 5/-5, 5/0, 5/3, 0/3, 0/0 will have no differences in kinematic 
variables of manual hand-rim wheelchair propulsion in individuals with class III and IV 
spastic cerebral palsy (see Figure I). 
HI: Seat orientation of 0/0 will result in a higher cycle time than orientations of 0/-5, 5/-5, 5/0, 
5/3, 0/3. 
H2: Seat orientation of 0/0 will result in a larger percentage time in recovery than orientations of 
0/-5, 5/-5, 5/0, 5/3, 0/3. 
H3: Seat orientation of 0/0 will result in larger range of motion for shoulder flexion/extension 
than orientations of 0/-5, 5/-5, 5/0, 5/3, 0/3. 
H4: Seat orientation of 0/0 will result in larger range of motion for elbow flexion/extension than 
orientations of 0/-5, 5/-5, 5/0, 5/3, 0/3. 
H5: Seat orientation of 0/0 will result in larger head motion in vertical and horizontal directions 
than orientations of 0/-5, 5/-5, 5/0, 5/3, 0/3. 
H6: Seat orientation of 0/0 will result in larger degrees of contact than orientations of 0/-5, 5/-5, 
5/0, 5/3, 0/3. 
Operational Definitions 
Degrees of Contact (DOC)- Angle formed by the vertex as the main axle of the rear wheel of the 
wheelchair, and the to outer points consisting of the points on the hand-rim where hand 
contact and release occur. 
Cycle Time (CT)- The duration of time from the occurrence of the hand striking the push-rim to 
the next occurrence of the hand striking the push-rim. 
Propulsive Time (PT)- The duration of time from the occurrence of the hand striking the push-rim 
to the occurrence of the hand releasing the push-rim. 5 
Recovery Time (RT)- The duration of time from the occurrence of the hand releasing the push-rim 
to the occurrence of the hand striking the push-rim for the next propulsive cycle. 
Percent time in Propulsion (PP) - The percentage of Cycle Time that is considered to be the 
Propulsive Phase. 
Percent time in Recovery (PR) - The percentage of Cycle Time that is considered to be the 
Recovery Phase. 
Class III - Using USCPAA functional sport classification, a Class III subject that exhibit moderate 
spastic involvement in three or four extremities and trunk. These subjects were able to 
propel a wheelchair independently with upper extremities and may be able to ambulate 
short distances with assistive devices. 
Class IV - Using USCPAA functional sport classification, a Class IV subject that exhibit moderate 
to severe spastic involvement in lower extremities. These subjects that have good 
functional strength and minimal limitations in range of motion and coordination in the 
upper extremities. Subjects with Class IV that propel a wheelchair independently with 
good control on level surfaces and inclines. 
Independent Variables 
Seat Orientation 
0/0  represents a seat position where the seat rest is horizontal and the back rest is vertical (see 
Figure 1). 
0/3  represents a seat position where the seat rest is horizontal and the back rest is three degrees 
beyond vertical in a counter-clockwise direction. Chair is oriented with the subject 
facing to the right (see Figure 1). 
5/3 - represents a seat position where the seat rest is five degrees counter-clockwise from 
horizontal and the back rest is three degrees beyond vertical in a counter-clockwise 
direction (see Figure 1). 6 
5/0 - represents a seat position where the seat rest is five degrees beyond horizontal in a counter­
clockwise direction and the back rest is vertical (see Figure 1). 
5/-5 - represents a seat position where the seat rest is five degrees beyond horizontal in a counter­
clockwise direction and the back rest is five degrees beyond vertical in a clockwise 
position (see Figure 1). 
0/-5 - represents a seat position where the seat rest is horizontal and the back rest is five degrees 
beyond vertical in a clockwise direction (see Figure 1). 
Figure 1: Diagram of seat orientations used in study. 
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Rolling Speed 
2Km/H - Represents a rolling speed of two kilometers per hour. 
3 Km /H - Represents a rolling speed of three kilometers per hour. 7 
Dependent Variables 
Based on the research of Masse, Lamontagne and O'Riain, (1992) the following variables were 
included in the study of wheelchair propulsion: pushing frequency and percentage of time spent in the 
propulsion and recovery phases of the wheelchair stroke; range of motion of the elbow and shoulder joint; 
the degrees of contact is also important since it corresponds to the distance through which the force is 
being transferred to the hand-rim. Comparisons of the variables were made at two given speeds, within a 
given subject. 
Assumptions 
It was assumed that all subjects were not limited by other disabling conditions that affect 
wheelchair propulsion.  It was also be assumed that the subjects performed to the best of their abilities 
when executing the wheelchair propulsion technique at the six seat orientations. 
Delimitations 
Subjects consisted of individuals from cities in the Willamette Valley in Oregon, Northern 
California, and Edmonton, Alberta, Canada who were willing to participate and met the following criteria: 
individuals with Class III or IV spastic cerebral palsy and between 9 and 21 years of age. 
Limitations 
Differences in subject performances between seat positions may only reflect the short term effects 
in wheelchair performance. Long term effects of seat position may produce differing results. Other 
limitations include the use of body segment parameters established by Jensen (1989) to determine center of 
mass location during subject performances. The body segment parameter estimates made by Jensen (1989) 
were calculated from data of nondisabled subjects. There is a possibility that differences exist in the mass 
distribution of individuals with cerebral palsy and nondisabled. 8 
Significance of Study 
Research of manual hand-rim wheelchair propulsion has primarily investigated nondisabled and 
subjects with spinal cord injuries and amputations. There has been little research investigating the 
mechanics of wheelchair propulsion by individuals with cerebral palsy. Although strong support has been 
provided for functional differences in upper extremities with various seat and back rest inclinations during 
fine motor tasks, no research has been conducted on gross motor tasks such as wheelchair propulsion 
(Nwaobi, Brubaker, Cusick & Sussman, 1983; Nwaobi, Hobson, & Trefler, 1985; Myhr, & von Wendt, 
1991; 1993; McClenaghan, Thombs, & Milner, 1992; Nwaobi, 1986a; 1986b; 1987b). Due to insights 
derived from evaluating seat and back rest inclinations, findings from this study may lead researchers in 
new directions. This study provides information when positioning children with cerebral palsy in manual 
wheelchairs. Small gains made by a child during the developmental years may produce significant changes 
in the total quality of life. 9 
CHAPTER II 
Methods 
Subjects 
A total of 15 subjects with cerebral palsy were used in all data analysis. Subjects ranged in age 
from 9 to 21 years with a mean of 14.1 years (SD = 3.9). Six of the subjects were female and nine were 
male. Seven of the subjects were considered to be Class 3 and eight were Class 4 using the USCPAA sport 
classification system. Class 3 subjects have moderate spasticity in three or four extremities and trunk. 
Class 3 subjects were able to propel a wheelchair independently with upper extremities and may be able to 
ambulate short distances with assistive devices. Class 4 subjects have moderate to severe spastic 
involvement in lower extremities. Class 4 subjects have good functional strength and minimal limitations 
in range of motion and coordination in the upper extremities. All subjects used a wheelchair as their 
primary means of ambulating during daily activities and/or sport participation. Subjects were able to 
complete all trials required for the study. Therefore, there were no missing values for any measures of 
dependent variables. Previous research suggests that changes in seat orientation will affect spasticity 
differently in males and females so no gender differentiation was involved (Nwaobi, Brubaker, Cusick & 
Sussman, 1983; Nwaobi, Hobson, & Trefler, 1985; Myhr, & von Wendt, 1991; 1993; McClenaghan, 
Thombs, & Milner, 1992; Nwaobi, 1986a; 1986b; 1987b). 
Table 1 summarizes each subject's age, gender, USCPAA classification, and seating position of 
their daily use wheelchair at the time of testing. Three subjects used a walker to ambulate to the testing 
location and did not have a wheelchair, therefore no current seating position was available. These three 
subjects did use wheelchairs for sport activities and were considered to be experienced wheelchair users. 10 
Table 1: Description of subjects. 
Subject #  Age  Gender  Class  Seat Position
 
1  14  F  3 0/3
 
2  15  M  3 0/0
 
3  17  M  3 0/0
 
4  9  M  4  Walker
 
5  10  M  4  Walker
 
6  13  F  3 0/0
 
7  13  F  4  Walker
 
8  12  F  3 0/0
 
9  9  F  3 0/0
 
10  13 M  4 0/0
 
11  10  F 4 0/0
 
12  18 M  4 0/0
 
13 19  M  3 0/0
 
14  21 M  4 0/0
 
15  19 M  4 0/5
 
Instrumentation 
The following instrumentation was used to complete this research project: 
1.	  Roller system - Steel drum mounted to low friction rollers mounted on a steel frame. The frame 
allows the front of the wheelchair to be attached such that the rear wheels roll on the 
surface of the steel drum (see Figure 2). 
2.  Sensor - Sports Medicine Industries, Inc. Opto-Sensor Model 1000. 
3.  Lap top Computer - 486 Jetbook IBM compatible computer. 11 
4.	  SMI Power software - Used in conjunction with Opto  Sensor and lap top computer to monitor 
roller system velocity. Produced by Sports Medicine Industries, Inc. 
5.	  Reflective tape - 3M reflective tape. 
6.	  Wheelchair - Two Swede Elite models with different seat widths. One chair had a seat width of 
35 cm and the other had a seat width of 45 cm. 
7  Peak Performance 5  Motion analysis software system. 
8.	  Computer monitor - Dell UltraScan monitor 
9.	  CPU - 486 Dell 450L. 
10.	  VCR - Panasonic AG - 7300. 
Digitizing Monitor - Panasonic BT-M1310. 
12.	  Tape - TDK high standard super avilyn, T-60 Super VHS video film. 
13.	  Control Structure  Model A29 from Peak Performance 5 manual. 
14.	  Video cameras - Panasonic D5100 S-VHS video camera. 
15.	  Video Monitor Panasonic BT - S900Y color monitor. 
16.	  Portable VCR - One Panasonic Portable S475 VCR and one Panasonic Portable AG - 7400 VCR. 
17.	  Goniometer - Standard 360 degree hand held goniometer. 
18.	  Wooden Ramp - 6 X 4 foot platform and ramp (Appendix B). 
19.	  Time code generator  Horita RM - 50 TG/TE. 
20.	  Tire Pressure Gage - Standard handheld tire gage. 
21.	  Tire Pump - Plastic handheld bike tire pump. 12 
Figure 2: Side view diagram of wheelchair on top of low friction roller system. 
Procedures 
Procedures used to collect kinematic data of subject performance are described in three separate 
categories. First, is the adjustments of the wheelchair such that subject fit and desired seat orientations 
were achieved during data collection. Second is the set up of the data collection. Third is the 
biomechanical analysis techniques used for data collection from the videotaped performances. 13 
Adjustments of the Wheelchair 
Prior to performancr:, subjects were fitted into one of two Swede Elite wheelchairs provided by 
ETAC USA. Each subject was fitted according to seat width and seat height. The Swede Elite wheelchairs 
used in this study had two different seat widths of 35 and 45 cm. Subjects were fitted to seat by evaluating 
the gap between the subjects hips and the inside of the wheel. The gap between the hips and the inside of 
the wheel was approximately one inch. If the (35 cm) frame did not provide sufficient hip-wheel gap, then 
the (45 cm) frame was used. Seat height was standardized by having the subject sit upright in the chair and 
allowing the arms to hang freely off the sides of the wheelchair. The seat height was adjusted such that the 
rear wheel axle of the wheelchair was centered on the first interphalangeal joint of the third phalangea (the 
second joint of the middle finger). 
Figure 3: Hip-wheel gap orientation. 
Hip - Wheel Gap 
Back rest orientations of 3, 0,  5 degrees with respect to vertical were achieved by manipulating 
the back rest plate unique to the Swede Elite wheelchair. Back rest adjustments were made using a three 14 
millimeter Allen key to remove bolts and place them at different settings in the plate. Thigh angle 
orientations of 0, 5 degrees with respect to the vertical were achieved by manipulating the foot rests up and 
down. Foot rest adjustments were made with the use of a goniometer and a small level. The level was 
used to assure that the lower axis of the goniometer was horizontal. The upper axis of the goniometer was 
placed along the axis of the femur and adjustment of the foot rest was made according to the desired 
position of either 0 or 5 degrees on the goniometer. Use of the 0/0 seat orientation was based on previous 
research suggesting that it would be an optimal position for individuals with cerebral palsy. The other 
seating positions were selected based on the orientations that could be produced by the Swede Elite 
wheelchair and orientations which appeared realistic for wheelchair propulsion. For example it would not 
be realistic for an individual to propel a wheelchair while in a supine position. 
Set Up 
Data collection took place near the subject's home as individuals qualified to participate in this 
study were widely distributed. To attain the desired number of subjects necessary for sufficient power, 
data collection procedures were designed to go to the subject. There were many difficulties during data 
collection. One problem was providing an environment where wheelchair propulsion could be filmed while 
maintaining equal rolling resistance and speed between subjects. Differences in texture and grade of floor 
made it difficult to maintain a constant environment when considering propulsion across a floor in multiple 
locations. While treadmill wheelchair propulsion allows for equal texture, grade and speed, transportability 
of the device and safety issues for the subjects was a concern. The use of the roller system provided a 
consistent environment for wheelchair propulsion to take place and allowed some control over speed. A 
limitation of the roller system was the inability to evaluate how straight an individual can propel the chair. 
Monitoring speed of the roller system was accomplished with the use of an infra red sensor, an 
IBM compatible computer, and the SMI POWER software system. The infra red sensor was attached to 
the frame of the roller system such that it could detect light reflected back from pieces of reflective tape 
placed on the roller system drum. Seventeen pieces of reflective tape were placed at equal distances 15 
around the outside circumference of the roller system drum. The infra red sensor sent a signal back to the 
laptop computer each time a reflective marker passed its location. The SMI POWER software calculated 
the velocity of the roller system using a three second average of the signals from the sensor. By using the 
seventeen markers and a flywheel diameter of .53 meters, the system had a theoretical error of 1.9 and 1.3 
percent for the 2 and 3 km/H speeds (Sports Medicine Industries, Inc., 1991). 
Pilot data indicated that the SMI POWER system correlated highly with cinematographical 
methods of calculating flywheel velocity (R^2 = .93). Validation of the SMI POWER system was 
completed by videotaping the roller system and the computer monitor digital image of the current roller 
system speed. The number of frames were counted for the flywheel to complete 30 revolutions while the 
monitor displayed the desired speeds of 2 and 3 km/H. The number of frames were used to calculate the 
time required to complete the 30 revolutions. Speed data from both the SMI POWER system and that 
calculated from the film data were used to determine the validity of the system (see Appendix E). 
To maintain consistency of testing conditions between subjects, tire pressure was adjusted to 50 
pounds per square inch prior to testing. Tire pressure was measured using a hand held tire gauge. Changes 
in tire pressure were made using the bike tire hand pump that comes with all Swede Elite wheelchairs. 
Subject performances were filmed using two Panasonic D5100 video cameras sampling at 60 Hz. 
Cameras were synchronized using coaxial cable from the video out of one camera to the genlock input of 
the other camera. Synchronization assures that the cameras are taking pictures at the same moment in time. 
Each video camera was positioned at 35 degree angles to the mid sagittal plane of the subject (see Figure 
4). Cameras were placed approximately two meters from the floor on tripods. Cameras were placed three 
meters in front of the subject and two meters to each side of the subject (see Figure 4). Camera positions 
allowed markers on the shoulder, elbow, wrist, finger and head to be seen from both camera views through 
the propulsion cycle. Reprediction of control points in the object space, using this set up had an average 
error of 2.33 millimeters (see Appendix K). 16 
Figure 4: Diagram of the data collection set up. 
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2 meters 
35 degrees
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2 meters 
Camera 2 
Biomechanical Analysis 
In order to create three dimensional position data from the film, a process called a direct linear 
transformation (DLT) was used. Methods of this procedure were described by Walton (1979). To perform 
a DLT of video position coordinates to coordinates in actual three dimensional space requires that a control 
structure be filmed in the space where the action is going to take place. The control structure must have at 
least six control points for which the position is known. Using the six known coordinates of the control 
points along with the digitized points of both camera views, calculations can be done to estimate eleven 
camera coefficients using a least squares estimate. All of these calculations were completed by the Peak 
Performance software once the coordinates of control points were digitized and input into the system. 
In order to reduce the amount of time required to process the data from the videotape of subject 
performances a procedure called automatic digitizing was used. The techniques used to autodigitize are 17 
described in the data reduction section. To autodigitize, reflective markers must be placed at specified 
points of the kinematic model and each point must be visible from both camera views. When using 
reflective markers to digitize joint center location, there is some systematic error introduced. This is due to 
the fact that markers cannot be placed directly over the joint center location. 
For the Peak Performance motion analysis system to automatically digitize the coordinates of the 
desired points a contrast must be established with those points and the surrounding environment. This was 
easily accomplished by using reflective tape at desired points and using a light source located near the 
camera such that light reflects off the reflective tape and back to the camera. This produced a marker 
which is much lighter than the surrounding environment. The Peak Performance system then takes the 
centroid of the marker as the digitized point. 
It was desirable to use a relatively fast shutter rate on the video camera so that blurring of the 
marker brought on by movement was reduced. Pilot work indicated that a shutter rate of 1/500th of a 
second was sufficient. Also, by manipulating the threshold and marker size variables within the Peak 
Performance system, auto digitizing speed and accuracy was improved. 
Spatial Model 
As indicated in the review of the literature, data acquisition of wheelchair propulsion has been 
done primarily by a four-link segment model (Cooper, 1990a). The model segments consisted of, 
wrist/hand, lower arm, upper arm, and trunk. For this particular research study the segmental model 
consisted of the upper leg, trunk, upper arm, lower arm, wrist/hand and the head. In order to achieve such 
a model, points were digitized at the knee, hip, shoulder, elbow, wrist, little finger, and center of the head. 
An additional point on the rear axle of the wheelchair allowed collection of the degrees of contact variable. 
As stated earlier, the degrees of contact variable was formed with the apex of the angle represented by the 
main axle of the rear wheels and the two end points of the angle represented by the points where the hand 
contacts and leaves the push rim (Masse, Lamontagne & O'Riain, 1992). To obtain film data of the head, a 
head band was worn with the reflective marker positioned at the center of the head (see Figure 5). Since 18 
little motion occurs at the hip and knee joints, these points were digitized using the stationary point method 
offered by the Peak Performance auto digitizing protocol. This allowed the first several frames for each 
trial to be manually digitized by the researcher. The Peak Performance software then used the coordinates 
established in those frames to represent those points throughout the entire trial. 
Figure 5: Orientation of reflective markers on subjects. 
X 
Body Segment Parameters 
To analyze body center of mass motion, estimates of body segment parameters were needed. The 
parameters needed from each body segment included the percentage of total body mass and the distance 
from the proximal end of the segment where the center of mass is located. Since the lower portion of the 
body had relatively little movement during propulsion, it was not necessary to use those portions to 
determine center of mass motion. Therefore, to study center of mass motion, segment parameters of the 
head, trunk, upper arm, lower arm, and hand were needed. In order to account for age-related differences 19 
in subjects regression equations have been established to determine percentage mass and center of mass 
location for subjects between 10 and 18 years of age for the above mentioned segments (Jensen, 1989). 
Body segment parameters were established for each subject based on age using regression coefficients 
established by Jensen (see Appendix E). 
Data Smoothing 
Almost all biomechanical data collection procedures have some random error associated with 
them. When converting coordinate data from video using automatic digitizing, random errors can occur 
from electronic noise or from the spatial precision of the television scan lines (Winter, 1990). In order to 
correct for some of this random error, it was necessary to use some form of mathematical formula to filter 
the raw data. According to Wood (1982), the Butterworth digital filter is a good formula to use on most 
motion analysis provided there are no rapid changes in the motion as seen in impacts. Therefore the 
Butterworth digital filter was used to smooth the raw position data of the joint center location in this study. 
The raw data were filtered both forward and backward to account for the time shift which occurs when 
using the Butterworth filter (Winter, 1979). Also, approximately 20 padding points were used prior to the 
desired portion to allow the filter to begin working (Smith, 1989). When using the Butterworth filter it is 
important to select a cutoff level. The cutoff level sets the amount that the raw position data were 
attenuated by the filtering process. The idea behind a cutoff level is to select one which allows the true 
signal of the motion to pass though relatively unchanged while attenuating the noise in the signal. One 
method used to help select the cutoff level is a residual analysis (Winter, 1990). A residual analysis was 
performed on the data collected in the pilot study. The residual analysis on raw pilot data indicated that 
position data of the knee and hip could be smoothed at a relatively low cut-off frequency since there is little 
movement at these joint centers. A cut-off level of three Hz was determined for the hip and knee points. 
Cut-off levels for the shoulder, elbow, wrist and finger were determined to be optimal at four, five, six and 
seven Hz respectfully. 20 
Data Collection 
Prior to filming of performances at each seat position, subjects were allowed to warm up and 
adjust to each seating position. The adjustment process consisted of the following format. First, subjects 
were given up to five minutes to practice wheeling on the roller system for each seat position. Most 
subjects felt little adjustment was necessary for the new seating position and only propelled for about I  to 2 
minutes. After the five-minute accommodation session, subjects were asked to push the chair at the desired 
speed for thirty seconds. The subject was given verbal feedback to help him/her attain a three second 
average within +/- .1 km/H of the desired speed. When the subject was at the desired speed, a hand signal 
was given in the camera views to indicate that the subject was at the desired speed. If the subject did not 
attain the speed average, the trial was repeated. The trial number for each performance was used to 
describe any learning or fatigue effects which may have occurred during data collection. After data 
collection at a given seat position, subjects rested for a period of approximately five minutes. During this 
rest period the chair was set at the next seat orientation. 
To assure that the attention of the subject was on the wheelchair propulsion task, positive 
reinforcement was given to the subject at the end of the testing period. If a subject became distracted 
during the testing session, verbal feedback was given to keep the subject on task. Typical feedback 
statements were "If you can keep doing a good job for two more trials, you will get this tee-shirt". After a 
successful data collection, an age appropriate reward selected by the subject was given to the subject. The 
reinforcement items were determined prior to data collection from discussions with parents and subjects. 
Examples include gift certificates to ice cream and food restaurants to tee-shirts with famous race car 
drivers printed on the front. 
Data Reduction 
Position of each point in the stick figure model were digitized for four consecutive cycles during 
the period of each trial when the subject was propelling at the desired speed as indicated by the hand signal 
in the camera view. After the position time data were smoothed, joint angles and center of mass location 21 
were calculated for each moment in time using the Peak 5 software (Peak Performance Technologies Inc., 
1993). The center of mass and joint center position time data for a subject were stored in one file for each 
trial. The joint angle time data were stored in a separate file for each trial. A third file contained the  frame 
numbers for the contact and release time of both the right and left  arms for the four consecutive cycles in 
each trial. Data reduction programs were written by the researcher using Quick BASIC language to 
determine the joint range of motion, temporal variables, center of mass motion, and degrees of contact for 
each cycle during the trial. Computer programs were validated by working three different subject's 
performances for each variable out by hand. Appendices G and H include the actual programs as they 
were used for data reduction. The following description includes the mathematical principles which the 
programs were based upon to derive the dependent variables. 
Temporal 
To calculate the temporal variables, only the files containing the frame numbers of the 
consecutive hand strikes (S1-5) and releases (R1-4) of the right and left hands were used. The temporal 
variables analyzed in this study consisted of cycle time (CT), percentage of time in propulsion (PP), and 
percentage of time in recovery (RP). Since the filming rate was 60 Hz, the time between each consecutive 
frame was .0167 seconds. Therefore, the variables can be determined from the following equations. 
CT = (So+ 0-S(0) * .0167seconds 
PP = (R(i) - S(i)) / (So+ 0-S(0)*100 
RP = (S(i +1) - R(i)) / (S(1 + I )-S(0)*100 
Degrees of Contact 
The degrees of contact (DOC) variable was determined by the angle formed by the vertex as the 
main axle of the rear wheel of the wheelchair, and the two outer points consisting of the points on the 
hand-rim where hand contact and release occur. Calculation of this angle was completed by creating a -Y) 
separate file by digitizing the points of the right and left rear wheel axle (WA right or left) of the 
wheelchair for each subject's data collection. To determine the outer points of the DOC angle, the strike 
(WRs) and release (WRr) position of the wrist joint marker was used for the four consecutive strokes. The 
vertical (y) and horizontal(z) coordinates of these data points allowed the calculation of the DOC variable 
(See Figure 6). 
A = SQRT ((z(WRs) z(WA))^2) + ((y(WRs) - y(WA))^2))
 
B = SQRT ((z(WRr) - z(WA))^2) + ((y(WRr) - y(WA))^2))
 
C = SQRT ((z(WRr) z(WRs))^2) + ((y(WRr) - y(WRs))^2))
 
DOC = cos' I ((C^2 - (A^2 + B^2)) / (-2 * A * B))
 
Figure 6: Figure of rear wheel and the orientation of the variables used to calculate the degrees of contact. 
WRs 
Range of Motion 
By setting up object space as depicted in Figure 5, calculation of joint range of motion was 
determined by setting up angle files within the Peak 5 software (Peak Performance Technologies Inc., 
1993). Shoulder flexion/extension angle was determined by the upper arm segment of the stick figure 23 
model with respect to the XY plane. Shoulder adduction/abduction angle was determined by the upperarm 
segment with respect to the YZ plane. 
Range of motion for hip flexion/extension, shoulder flexion/extension, shoulder 
adduction/abduction. elbow flexion/extension, and wrist ulnar/radial flexion were determined from 
maximum and minimum values from one strike to the next strike on the handrim. Similar calculations 
were made on the position data of the head and center of mass between consecutive contacts with the 
handrims. All joint angles and head displacements were cyclical in nature with only one maximum and 
one minimum during each cycle (See Figures 7 - 10). Therefore the following equation was used to 
determine the total range of motion during a cycle: 
Range of Motion = (Maximum Minimum) Between S(i) and S(i+1). 
Figure 7: Shoulder flexion/extension profile for subject 1 in the 0/0 seat position at 2 km/H. 
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Figure 8: Shoulder adduction/abduction range of motion for subject 12 at seat position 0/0 and 2 km/H. 
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Figure 9: Elbow flexion/extension range of motion for subject 1 at seat position 0/0 and 2 km/H. 
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Figure 10: Wrist ulnar/radial flexion range of motion for subject 1  at seat position 0/0 and 2 km/H. 
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Analysis 
In order to control for confounding factors of treatment sequence in the experimental conditions, a 
random allocation of seat orientations was used in the sequence of subject performances. To improve the 
estimate of subject performance data, multiple propulsion cycles were digitized at each experimental 
condition. To improve the power of the statistical procedures, variables which had both right and left sides 
were combined to create a single composite variable to complete statistical procedures. This was done to 
reduce the number of times that statistical analysis would need to be used thereby, reducing the likelihood 
of committing a type I error. Therefore, the data from the right and left sides for four cycles were averaged 
to form a composite variable of the eight measures. These procedures were performed on all joint range of 
motion data, degrees of contact, and temporal variables. In order to account for differences between 
subject performances, a repeated measures ANOVA as used to evaluated differences in treatment means. 
When significant F-statistics were noted from the repeated measures ANOVA, Duncan's Multiple Range 26 
Test was used to make post hoc comparisons of the treatment means. The Duncan's Multiple Range Test 
was used since it is less conservative in terms of the alpha level, allowing more power than a Tukey or 
Scheffe' post hoc test. 
Since subjects for this study were not subdivided by groups or specific characteristics, only one 
assumption needs to be met to assure that the test was valid. This assumption requires that the variances 
for each effect be equal and that their covariance's be 0 (SPSS Inc., 1994). To determine if this assumption 
was met the Mauchly's test of sphericity is contained in the repeated measures ANOVA output for each 
within subjects factor in this study (See Appendix H). If the Mauchly's test of sphericity was significant, 
then the numerator and denominator degrees of freedom were adjusted by multiplying them with the 
Huynh-Feldt epsilon (SPSS Inc., 1994). The new degrees of freedom were compared with an F-table to 
determine if the value from the F test was still significant. 
Power 
Montgomery's (1991) calculations and operational characteristic curves with an alpha level of 
0.05 and beta level of 0.10 were used to determine the number of subjects used for the study. In order to 
calculate sample size, variances determined by pilot data from two subjects with class III spastic cerebral 
palsy were used in the calculations. According to the calculations and tables of Montgomery, 
approximately 20 subjects were needed for this study in order to meet a power level of 0.90 for the 
statistics used. 17 subjects were located and agreed to participate. Due to equipment malfunction only 15 
subjects were used in data reduction and analysis. Since only 15 subjects were used for this study the 
statistical power for this experiment was less than expected. Power for actual variable testing can be found 
in Appendix I. 27 
CHAPTER III 
Results 
Summary of Variables 
To reduce repetition of words in the results and discussion the following summary of variable 
abbreviations will be used: 
Degrees of Contact (DOC)- Angle formed by the vertex as the main axle of the rear wheel of the 
wheelchair, and the to outer points consisting of the points on the hand-rim where hand 
contact and release occur. 
Cycle Time (CT)- The duration of time from the occurrence of the hand striking the push-rim to 
the next occurrence of the hand striking the push-rim. 
Percent time in Recovery (PR) - The percentage of Cycle Time that is considered to be the 
Recovery Phase. 
HF/E - The difference in the maximum and minimum values for hip flexion/extension angle 
during a one complete propulsion stroke. 
SF/E - The difference in the maximum and minimum values for shoulder flexion/extension angle 
during a one complete propulsion stroke. 
SA/A - The difference in the maximum and minimum values for shoulder adduction/abduction 
angle during a one complete propulsion stroke. 
EF/E - The difference in the maximum and minimum values for elbow flexion/extension angle 
during a one complete propulsion stroke. 
WF/E The difference in the maximum and minimum values for wrist flexion/extension angle 
during a one complete propulsion stroke. 
HMY - The difference in the maximum and minimum values for head position in the vertical 
direction during a one complete propulsion stroke. 28 
HMZ - The difference in the maximum and minimum values for head position in the horizontal 
direction during a one complete propulsion stroke. 
CMMY The difference in the maximum and minimum values for center of mass position in the 
vertical direction during a one complete propulsion stroke. 
CMMZ - The difference in the maximum and minimum values for center of mass position in the 
vertical direction during a one complete propulsion stroke. 
Summary of Hypotheses 
To reduce confusion when reading the results and discussion the following summary of 
hypothesis was used to determine effective wheelchair propulsion for a given speed: 
H I: Effective seat orientations have a larger cycle time than less effective seat orientations. 
H2: Effective seat orientations have a larger percentage time in recovery than less effective seat 
orientations. 
H3: Effective seat orientations have a larger range of motion for shoulder flexion/extension than 
less effective seat orientations. 
H4: Effective seat orientations have a larger range of motion for elbow flexion/extension than 
less effective seat orientations. 
H5: Effective seat orientations have larger head motion in vertical and horizontal directions than 
less effective seat orientations. 
H6: Effective seat orientations have larger degrees of contact than less effective seat orientations. Temporal 
Cycle Time (CT). 
Repeated measures ANOVA was used to make comparisons with seat position and speed as 
within factors and subjects as the repeating factor. Repeated measures analysis of variance (F5,70) for CT 
was found not to be statistically significant for comparisons of seat position (F = 1.55; p = .19). However, 
Figure 11 demonstrates that seat position 0/3 and 5/-5 have lower cycle times than other seating positions 
for both speed conditions. Comparisons of speeds (F1,14) were found to be significantly different (F = 
18.29; p = .001). Cycle time for subjects propelling at the 3 km/H were .04 - .14 seconds (95% CI) less 
than when propelling at the 2 km/H speed. A more detailed summary of the effect of speed on other 
dependent variables can be found in Table 2. 
Figure 11: Average cycle time for seat position and speed. 
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Table 2: Minimum and maximum values and standard deviations for kinematic variables at speeds of 2 
and 3 km/H. 
Dependent  Min - Max  Mean 2km/H (SD)  Min - Max  Mean 3km /H (SD) 
Variable  2 km/H  3 km/H 
HF/E degrees  2.5 - 14.4  5.2 (2.4)  2.7 - 16.3  6.5** (3.0) 
SF/E degrees  14.4 - 70.9  40.6 (12.3)  16.0 - 82.3  45.7** (13.9) 
EF/E degrees  28.3 - 80.2  50.4 (11.5)  36.4 - 80.6  59.6** (12.3) 
DOC degrees  14.2 - 62.4  35.7 (11.4)  18.2 - 64.0  42.5** (12.9) 
PR ()/0  42.8 - 68.8  53.5 (5.8)  47.2  69.5  56.5** (5.2) 
CT seconds  .55 - 1.80  1.0 (.28)  .47 - 1.44  .91** (.26) 
HMY mm  16.9 - 225.5  64.2 (46.3)  21.5 - 259.1  78.3** (50.0) 
HMZ mm  22.6 - 143.4  65.6 (26.4)  24.4 - 156.0  76.8** (29.1) 
CMMY mm  3.4 - 26.2  11.9 (3.8)  6.1 - 25.4  13.7** (4.4) 
CMMZ mm  10.0 - 52.1  25.9 (10.3)  8.7- 62.7  32.2** (13.0) 
** for variables where 2 and 3 km/H speeds were significantly different with a p - value < .01 
Percentage Recovery (PR) 
Repeated measures analysis of variance (F5,70) for PR was also not significant for comparisons of 
seat position (F = .22; p = .952). Figure 12 does not reveal any meaningful trends within seating positions 
for both speed conditions as were found in cycle time. Comparisons of speeds (F1,14) found significant 
differences in PR (F = 11.94; p = .004). PR for subjects propelling at the 3 km/H 1.6 - 4.6 percent (95% 
CI) higher than when propelling at the 2 km/H speed. 31 
Figure 12: Average percent time in recovery for seat position and speed. 
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Range of Motion 
Shoulder Flexion/Extension (SF/E) 
Repeated measures analysis of variance (F5,70) for SF/E was also not significant for comparisons 
of seat position (F = 1.47; p = .21). Figure 13 demonstrates the interaction (F1,14) of seat position and 
speed which was significant for SF/E (F = 2.96; p = .018). Comparisons of speeds (F1,14) were found to 
be significantly different (F = 28.6; p < .001). SF/E for subjects propelling at the 3 km/H was 3.5 - 6.7 
degrees (95% CI) larger than when propelling at the 2 km/H speed. 32 
Figure 13: Average shoulder flexion/extension range of motion for seat position and speed. 
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Elbow Flexion/Extension (EF/E) 
Of the variables of interest for this study, EF/E was the only variable found to have significant 
differences (F5,70) for seating positions (F = 2.54; p = .036). However, the Mauchly's test of sphericity 
was significant W = .069 (x2 = 32.3; p = .004). Therefore the degrees of freedom for the F test were 
multiplied by the Huynh-Feldt epsilon (.57) and were adjusted to (F3,40). This test found that seat position 
approached significance with (F = 2.54; p = .06). 
The interaction (F1,14) between seat position and speed was not significant (F = 2.23; p = .06). 
Follow up tests were conducted on the means of both speeds. Although the interaction approached 
significance, it should be noted that the three seat positions with the largest range of motion at the 2 km/H 
speed, 5/0, 0/0 and 5/3, are also the three largest at the 3 km /H speed with their order of 5/3, 0/0, and 5/0 
respectively (see Figure 14). Duncan's Multiple range tests were used to conduct post hoc tests for seat 
position differences in EF/E range of motion and found that seat positions of 5/0 and 5/3 had significantly 33 
larger EF/E range of motion than the 5/-5 seat position with 95 percent confidence interval of 2.1 - 3.9 for 
both mean differences. 
Similar results were found for EF/E range of motion (F1,14) with speed (F = 91.8, p < .01). EF/E 
for subjects propelling at the 3 km/H was 7.6 - 10.8 degrees (95% CI) larger than when propelling at the 2 
km/H speed. 
Figure 14: Average elbow flexion/extension range of motion for seat position and speed. 
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Degrees of Contact (DOC) 
The repeated measures analysis of variance (F5,70) on the variable DOC was not significant for 
seat position (F = 1.57; p = .18). However, Figure 15 illustrates that there was a tendency for slightly 
larger DOC at seat position 5/3 for both the 2 and 3 km/H speeds. Speed was found to be significantly 
different (F1,14) for the variable of DOC (F = 40.57; p < .01). The 3 km/H speed was between 4.9 - 8.7 
degrees (95% CI) larger than the 2 km/H speed for DOC. 34 
Figure 15: Average degrees of contact for seat position and speed. 
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Head Motion (HMY, HMZ) 
Head motion in the vertical (Y) and horizontal directions (Z) were also of interest in determining 
effective wheelchair propulsion. Differences as determined by repeated measures analysis of variances for 
both HMY and HMZ (F5,70) were not significant for seat position with (F = .95; p = .45) and (F = 1.59; p 
= .18), respectively. See Figures 16 and 17 for a visual description of head motion versus seat position and 
speed. 
Results of HMY and HMZ versus speed were significant with (F = 42.35; p < .001) and (F = 
13.28; p = .003) respectively. The 3 km/H speed for HMY was between 10.3 - 17.9 mm (95% CI) larger 
than the 2 km/H speed. HMZ for the 3 km/H speed was between 5.9 - 16.5 mm (95% CI) larger than the 2 
km/H speed. See Table 2 for a further description of variables versus speed. Interaction for the HMY and 
HMZ repeated measures ANOVA's (F5,70) was not significant with (F = .29; p =.92) and (F = .77; p = 
.57), respectively. 35 
Figure 16: Average head motion in vertical direction for seat position and speed. 
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Figure 17: Average head motion in horizontal direction for seat position and speed. 
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Other Analyses 
The following results are from variables which were of interest in describing wheelchair motion 
but were not part of the hypotheses in determining the efficiency of seat position. These variables are 
useful in describing differences in seat position of the primary variables of interest. These variables are 
also important in describing wheelchair propulsion technique at different speeds by individuals with 
cerebral palsy. The variables included in this section include center of mass motion in vertical (CMY) and 
horizontal (CMZ) directions along with the joint range of motion for hip flexion/extension (HF/E), 
shoulder adduction/abduction (SA/A) and wrist flexion/extension (WF/E). 
Of the secondary variables, CMY was the only variable to have significant differences by seat 
positions (F = 6.33, p < .001). Since interaction was not significant for seat position and speed (F = .49; p 
= .79), Duncan's multiple range tests were performed on seat position means for both speeds combined. 
Post hoc results indicate that seat positions of 0/-5, 5/-5, 5/0, 0/0, and 5/3 all had significantly larger center 
of mass motion in the vertical direction than the seat position of 0/3. Repeated measures ANOVA tables 
can be found in Appendix F for the results of CMZ, HF/E, SA/A, and WF/E which were not significant for 
seat position. 
Variables of CMY, CMZ, HF/E, SA/A, and WF/E were all found to have significant differences 
with speed in the repeated measures ANOVA (F1,14) with speed and seat position as within factors. 
Results of CMY and CMZ were (F = 13.7; p = .002) and (F = 22.4; p < .001), respectively. These results 
can be viewed graphically in Figures 18 and 19. The 3 km/H speed for CMY has between .97 and 2.63 
mm (95% CI) more motion than the 2 km/H speed. Similarly the 3 km/H speed for CMZ has between 4.0 
8.6 mm (95% CI) more motion than the 2 km/H speed. The results of speed on HF/E, SA/A and WF/E 
were (F = 23.4; p < .001), (F = 23.51; p <.001) and (F = 42.9; p < .001), respectively. For a graphical 
display of these results see Figures 20  22. 37 
Figure 18: Average center of mass motion in vertical direction for seat position and speed. 
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Figure 19: Average center of mass motion in horizontal direction for seat position and speed. 
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Figure 20: Average hip flexion/extension range of motion for seat position and speed. 
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Figure 21: Average shoulder adduction/abduction range of motion for seat position and speed. 
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Figure 22: Average wrist flexion/extension range of motion for seat position and speed. 
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Asymmetry 
Results of the previous repeated measures ANOVA's were all based on means of four consecutive 
propulsive cycles during a trial at a specific seating position and speed. In the cases of range of motion and 
temporal variables, both right and left side data were used to determine this four-cycle mean. The four-
cycle means and the standard deviations of the observations used to determine those means can be found in 
Appendix J.  It should be noted that some subjects tend to have higher standard deviations than other 
subjects in determining their four cycle means for range of motion and temporal variables. This is due to 
the asymmetrical patterns and range of motion characteristics of cerebral palsy. An example of 
asymmetrical patterns can be seen graphically in Figure 23. 40 
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Figure 23: Asymmetrical rage of motion of right and left elbow flexion/extension in subject 3 at seat 
position 0/0 and speed 3 km/H. 
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CHAPTER IV 
Discussion 
The ability to move about efficiently in one's living environment is essential in order to function 
independently. Maximizing the ability to move effectively allows an individual to become less reliant on 
others to achieve essential life skills. Although obvious to some, many do not think about the importance 
that mobility has in the ability to perform activities of daily living. Since the motor difficulties stemming 
from cerebral palsy can have a large impact on an individual's ability to live independently there have been 
several attempts to improve motor function. 
This particular study provided some information on seat positioning strategies for individuals with 
cerebral palsy. Trefler (1992), indicated that proper positioning should also promote functionality of the 
individual's body. Trefler further defined functionality as the point at which the person is both physically 
and psychologically ready to execute tasks. Functionality is achieved when the body is placed in a stable 
posture which promotes the maximum use of the body. This study attempted to provide information on 
specific seat positions for manual wheelchair propulsion of individuals with cerebral palsy. 
Previous research on upper extremities of individuals with cerebral palsy has suggested that a seat 
position of 0/0 provides the maximum performance. To test this hypothesis in regard to wheelchair 
propulsion, kinematic variables were analyzed to determine if differences existed for seating positions at 
speed of 2 and 3 km/H. The speeds of 2 and 3 km/H were selected for two specific reasons. First, the 2 
and 3 km/H range represents speeds that individuals who use manual wheelchairs typically use during daily 
activities. Second, the speeds were slow enough such that a larger population could participate in the 
study. Many individuals with cerebral palsy were not able to attain speeds higher than 3 km/H. 42 
Seat Position 
Results of CT, PR, SF/E, EF/E, DOC, HMY and HMZ variables revealed that the 0/0 seat position 
did not improve performance during wheelchair propulsion over seat positions of 0/3, 0/-5, 5/3, 5/0, and 5/­
5. Therefore, we must accept the null hypothesis that there is no advantage to 0/0 seat position over the 
0/3, 0/-5, 5/3, 5/0, and 5/-5. These results contradict to previous research by Nwaobi (1987, 1986a) and 
Nwaobi, Brubaker, Cusick & Sussman (1983), which suggested that the 0/0 orientation provided the best 
function of the upper extremities. These studies evaluated electromyographical and reaction time results to 
compare seat positions. Researchers provided little description of subjects with the exception of Nwaobi 
(1987) who indicated that subjects were not independently ambulatory. This suggests that subjects in 
Nwaobi (1987) were more severely involved than subjects in this study. Other factors which could have 
influenced previous research to find differences in seating positions were the large changes in seating 
orientation between conditions. By making larger changes in seat position, researchers were more likely to 
find larger differences in variables of interest (see Table 3). 
Seeger, Caudrey and O'Mara (1984) also compared the 0/0 seating position to 10/0, 20/0 and 30/0 
seating positions. Researchers indicated that the 30/0 seat position had better fine motor performance than 
the 0/0 position. Results of the wheelchair propulsion study found that the 0/0 seat position was not 
different from the other positions studied in any of the dependent variables. However in the evaluation of 
the ranks of means for each dependent variable there appears to be some evidence to suggest that the 5/0 
and 5/3 seat positions may have some advantage over the other seat positions (see Table 4) 
These results were further supported by EF/E range of motion analysis. EF/E was the only 
variable to approach significance after correcting for the sphericity assumption. Results of EF/F suggests 
that there is an advantage for seat positions 5/0 and 5/3 over the seat position of 5/-5. The results of EF/E 
range of motion conflict with findings of Myhr and von Wendt (1991). However, it should be noted that 
Myhr and von Wendt (1991) studied electromyographical output of the leg muscles and larger differences 
in seat position (see Table 3). Myhr and von Wendt (1991) suggested that by positioning the individual 
such that the body's line of gravity was forward of the ischial tuberocities, that upper extremity function 43 
would be improved. Myhr and von Wendt (1991) theorized that by improving balance of the trunk,  upper 
extremity function would also improve. This position could be achieved by tipping the seat and back  rest 
forward thus promoting an anteriorly tilted pelvis which helps to prevent the subject from sliding out of the 
seat. McClenaghan, Thombs, and Milner (1992) also found conflicting results with Myhr and von Wendt's 
(1991) theory of improved upper extremity function by positioning of the subject's line of gravity forward 
of the ischial tuberocities. McClenaghan, Thombs, and Milner (1992) indicated that there  was no benefit to 
a positioning strategy with the subject's line of gravity forward of the ischial tuberocities. 
Nwaobi (1987) provided two theories as to why spasticity is increased in some positions. First, 
Nwaobi theorized that by decreasing hip flexion angle, the muscles of the hamstring and low back muscles 
are placed in a stretched position. This supposedly causes the hyperactive stretch reflex often evident in 
muscles of individuals with cerebral palsy. By potentially increasing this reflexive response, the individual 
loses control over these muscles, reducing the subjects balance and stability. A second theory presented by 
Nwaobi (1987) suggested that spastic responses were caused by an increase in joint moments about the low 
back when the line of gravity of the subject's body moves off of its line of support (ischial tuberocities). 
Nwaobi indicated that positioning strategies may ultimately integrate both theories together to attain an 
optimal seating position. 
Although none of the kinematic variables provide support for a single best seating position it was 
desirable to combine the results of variables to determine if it would provide some insight on seat position. 
Masse, Lamontagne and O'Rainin, (1992) suggest a procedure were the variables of cycle time (CT), 
percent recovery (PR), shoulder flexion/extension (SF/E) range of motion, elbow flexion/extension (EFT) 
range of motion and degrees of contact (DOC) can be ranked by seat position with the most desirable 
characteristic receiving the lowest rank. For each of the variables mentioned above CT, PR, SF/E, E/FE, 
DOC for a given speed the larger each variable is the more effective that seat position would be. For 
example if the 0/0 seat position had the largest values for CT, PR, SF/E, EF/E, and DOC, for all six seat 
positions then the 0/0 seat position would receive a rank of one for each variable with a rank of one being 
the best. 44 
Table 4 demonstrates the ranks of each variable for seat positions. with the most effective 
propelling characteristic receiving the lowest rank. Results of mean ranks of seat positions provided 
support for the second part of Nwaobi's theory since seat positions with a forward lean 0/-5 and 5/-5 tended 
to have lower rank scores than more upright seat positions of 5/3 and 5/0 (see Table 4).  The first part of 
Nwaobi's theory of increased hip angle is not well supported by results of ranks since seat positions of 5/3 
and 5/0 do not provide the largest hip angles yet appear to provide the most effective propulsion position. 
A possible explanation is that when the feet are raised it tends to place a passive stretch on the muscles of 
the hip and low back since the feet are supported by the foot rests. When the back rest is inclined forward, 
as in positions 0/-5 and 5/-5, the trunk is positioned in front of the base of support, causing an active stretch 
within the muscles of the low back and hip. The stretch reflex response occurs when the muscles are 
actively stretched. The active stretch may also counteract the passive stretch, which is likely beneficial. 
This may be what is occurring in the 5/-5 position. 
Once again it is important to note the differences in methodologies between this study and 
research completed by Nwaobi (1987). Subjects in Nwaobi (1987) likely had more severe cerebral palsy 
than subjects in this study. Seat positions of Nwaobi (1987) had larger variations in seat orientation with 
respect to one another (See Table 3). Larger differences in seat position are more likely to have differences 
in upper extremity performance. For this study it was important to work within a range of seat positions 
that were reasonable for propelling a wheelchair. Nwaobi's (1987) seat position of 30/30 is not realistic for 
manual wheelchair propulsion. 
Although not part of the original hypothesis, other variables were used to test improved 
propulsion relative to seat position. Center of mass motion in the vertical direction was found to be 
significantly lower for 0/3 seat position as compared to all other seat positions.  It becomes difficult to 
interpret these results since the role that center of mass motion plays in efficiency of wheelchair propulsion 
is not clearly understood. Certainly in sprint wheelchair racing the ability to transfer the momentum from 
the trunk motion would be an effective strategy to improve peak speed (Ridgeway, Pope and Wilkerson; 
1988). However, it is important to point out that hip flexion/extension range of motion was not 45 
significantly different for this seating position in this study. Differences in center of mass motion in the 
vertical direction must come from a combination of movement of the upper extremities. 
Table 3: Studies of effects in subjects with cerebral palsy due to changes in seat position 
Seat  Myhr & von  McClenaghan  Nwaobi  Nwaobi  Seegere  Nwaobi 
Position  Wendt (1993)  et al. (1992)  (1987)  (1986)  et al. (1984)  et al. (1983) 
30/30  X  X! 
15/30  X 
0/30  X 
15/15  X  X 
0/15  X 
10/10  X! 
0/0  X  X  X* X* X!  X* 
10/0  X 
15/0  X* 
20/0  X 
30/0  X* 
0/-10  X! 
0/-15  X! 
-15/-15  X! 
0/0+  X* 
10/10+  X 
0/-10+  X* 
5A  X 
5P  X 
+ = seat position with an abduction orthosis 
best performance position 
!= poorest performance position 
5A & 5P = 0/0 seat position tilted 5 degrees anteriorly (A) or posteriorly (P). 46 
Table 4: Ranking of biomechanical samples across seating positions. 
Variable  Speed  0/0  0/3  0/-5  5/3  5/0  5/-5 
CT  2 km/H  3.5  5.5  2  3.5  5.5
 
CT  3 km/H 3.5  6  2  3.5  5
 
1 
1 
PR 2 km/H 4 6  I  2  3  5 
PR 3 km/H 6  4  5  2  3 1 
SF/E 2 km/H 4  5  3 2  6 1 
1 SF/E 3 km/H  4 2  3  6  5 
EF/E 2 km/H 2  6  5  3  1  4 
EF/E 3 km/H 2  4  5  3  6 1 
DOC 2 km/H  6  5 4  2  3 1 
DOC 3 km/H  3  6  5  4 1 
Average 
Rank  3.5  5.2  3.4  1.6  2.9  4.5 
Speed 
Variables of CT, PR, HF/E, SF/E, SA/A, EF/E, WF/E, HMY, HMZ, CMY and CMZ were all 
found to be significantly different between speeds of 2 km/H and 3 km/H. These results were expected 
since these variables have been used previously to describe changes in propulsion with increases in speed 
(Cooper, 1990b; Brubaker, 1986; van der Woude, Veeger, Rozendal & Sargeant, 1989). 
Temporal Variables 
Results of CT data indicate that mean values for 2 and 3 km/H are 1.0 and .91 seconds, 
respectively for all seating positions. This means that subjects had an average of 60 and 66 strokes per 
minute at the 2 and 3 km/H speeds, respectively. These values are in agreement with Cooper (1990b) and 47 
Brubaker (1986) who indicated that when maintaining a constant speed, stroke rates tend to range between 
50 and 80 strokes per minute. Results of PR appear to be in agreement with the 63.75 percent reported by 
previous research on individuals propelling at 21.6 km/H (Cooper. 1990a). Other researchers presented 
mean values of 48 to 51 for PR for subjects with spinal cord injuries and individuals without disabilities 
propelling at 3 km/H (Hughes, Weimar, Sheth & Brubaker, 1992). The findings of this study indicated 
mean values of 53.5 and 56.5 for PR at 2 and 3 km/H speeds respectively. The findings indicate an 
increase in PR and decreases in CT and PP of wheelchair when speed is increased. 
These findings are consistent with other research on the relationship of velocity with CT, PP and 
PR of nine nondisabled subjects (van der Woude, Veeger, Rozendal & Sargeant, 1989).  Researchers 
evaluated kinematic variables at different seat heights and speeds of 2, 3, 4, and 5 km/H.  van der Woude, 
Veeger, Rozendal and Sargeant (1989) reported that cycle time and percentage of time in propulsion 
decreased as speed increased, with mean values ranging from .81 to .34 seconds for CT and 39.6 to 25.5 
percent for PP. PR consequently increased with speed from 60.4 to 74.5 percent. Differences in the values 
may be due to the differences in range of motion that individuals with cerebral palsy have compared to 
individuals without disabilities. 
Range of Motion 
HF/E, SF/E and EF/E all had significant increases in range of motion with a change in speed from 
2 to 3 km /H. Table 2 provides a summary of the mean values of these variables versus speed conditions. 
As expected, with the increases in range of motion at the hip, shoulder, and elbow joints there was an 
increase in the DOC variable. The DOC variable indicates that as speed increased from 2 to 3 km/H. the 
hands were in contact with the handrims for a longer distance 35.7 and 42.5 degrees, respectively. van der 
Woude, Veeger, Rozendal and Sargeant (1989) found an increase in DOC from 86 to 92 degrees from 
speeds ranging from 2, 3, 4, and 5 km/H. It is important to point out from the temporal analysis the 
amount of time the hands were in contact with the hand rims was less at faster speeds. This is typical of 48 
what is seen in normal human gait patterns. As speed increases, the amount of time the foot spends in 
contact with ground decreases and the stride length increases. 
Significant differences indicating larger ranges of motion for the variables of HF/E, HMY, HMZ, 
CMMY and CMMZ suggest that subjects are attempting to transfer momentum from their trunks to the 
handrims. Ridgeway, Pope and Wilkerson (1988) found that athletes participating in National Wheelchair 
Athletic Association Track and Field Championships who had more functional use of their trunk muscles 
tended to have more motion about the trunk and head during 800 meter wheelchair races. This may be 
what subjects are attempting to do when they are required to propel the chair at faster speeds. 
Summary/Conclusions 
Results of this study do not provide strong evidence for a single best seating position for 
individuals with cerebral palsy using manual wheelchairs. There appears to be some difference in elbow 
flexion and extension range of motion which favors a seating orientations of 5/3 and 5/0. However, these 
results only approach significance. Results of rank ordering means of all variables also provide support for 
the 5/3 and 5/0 seating orientations. Possible reasoning for more effective propulsion in the 5/3 and 5/0 
positions is that when the feet are raised it tends to place a passive stretch on the muscles of the hip and low 
back since the feet are supported by the foot rests. This passive stretch may actually be beneficial in 
reducing the extensor muscle tonus in the muscles of the low back and hamstrings. 
Results of this study suggest that for this particular group of subjects that the 0/0 seat position did 
not provide an orientation for more effective wheelchair propulsion over the other seating positions. These 
results conflict with those of Nwaobi et al. (1987) who studied upper extremity function with more severe 
involvement with cerebral palsy.  It must be pointed out that the power of this study was below the .90 
level that the study was originally designed. Power was lowered due to the lack of available subjects and 
equipment failure. Only 15 of the desired 20 subjects were used for the statistical analysis of seat position. 
A replication of this study with a larger sample size is recommended. 49 
The answer to the question of an optimal wheelchair seating orientation for subjects with cerebral 
palsy has not been answered with this investigation. If no optimal seating position exists then why does the 
ranking of variables and elbow range of motion results tend to favor the 5/0 and 5/3 seat orientations? This 
question needs to be answered through controlled research studies. Researchers face difficult challenges 
accounting for the wide range of characteristics found in individuals with cerebral palsy. Yet this line of 
research is necessary to maximize the effectiveness of wheelchair propulsion for individuals with cerebral 
palsy. 
Future Directions 
After completion of this study several suggestions can be made to improve future research. First, 
due to the large differences that occur in any group of individuals with cerebral palsy, single subject design 
would logically provide an appropriate strategy to determine subject by subject change based on seat 
position. Group results may tend to hide seat orientations which are only beneficial to a few individuals. 
By implementing a single subject design researchers can be certain that they will not miss valuable results 
for each individual in the study. Also, future research should investigate methodologies that allow 
researchers to study the effects of wheelchair propulsion at different seat positions for individuals with less 
functional ability than those investigated in this study. Seat positioning strategies may only be beneficial 
for individuals who have more spasticity and reduced functional movement potential. It should be noted 
that several individuals with cerebral palsy that used manual wheelchairs were not able to participate in this 
study since they could not push the chair at the pre-determined speeds in a cyclical pattern which was 
required for analysis in this study. 
Future research should also investigate the effects of seat position at speeds other than 2 and 3 
km/H. Wheelchair propulsion by individuals with cerebral palsy can range from daily use speeds as 
studied here to sprinting speeds found in elite wheelchair competition. The effect that seat position may 
vary depending on the purpose of the wheelchair propulsion task. Future research should also investigate 
other seat orientations. This study was limited to seat positions found in the design of the Swede Elite 50 
wheelchair. Future research should investigate the effects of seat positions with  seat back angles of five 
and ten degrees backwards from vertical. Based on the results of this study more extreme changes in thigh 
angle should also be investigated. If five degree changes in thigh angle appear to be beneficial, will ten 
and fifteen degree changes be even more beneficial. 
Future research should also study other seating methods such as the abduction orthosis. Myhr and 
von Wendt (1993) indicated that the abduction orthosis may reduce spasticity in the muscles of the low 
back and hamstrings. The reduction in spasticity may influence the functional use of the upper extremities, 
therefore, investigation of the effect on wheelchair propulsion is warranted. 
Future research should also include a kinetic analysis of the forces acting on the handrims and the 
seat during manual handrim wheelchair propulsion. By evaluating both the kinetics and kinematics of 
wheelchair propulsion, researchers can get a clearer picture of what is actually occurring. The ultimate 
challenge is to investigate both the kinetics and kinematics under real world conditions. This task will keep 
researchers push the limits of understanding manual wheelchair propulsion for individuals with cerebral 
palsy. 51 
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The purpose of this study was to explore the effect that back and seat rest inclination has on 
kinematic variables of manual hand-rim wheelchair propulsion in subject with cerebral palsy. In reviewing 
the literature for this study three specific areas were covered: (a) nature of cerebral palsy. (b)  previous 
research on the effects of seat and back rest inclination in individuals with cerebral palsy, (c) 
biomechanical aspects of manual hand-rim wheelchair propulsion. 
Cerebral Palsy 
The motor control system of the brain plays an integral role in the human body's ability to move 
through space. Although it may not be the only source of order and control for body movement, damage to 
the brain can reduce the body's ability to move efficiently through the environment. One particular 
disability where the effects of damage to the motor control system are particularly evident is cerebral palsy. 
Cerebral palsy is caused by a lesion in the brain most often due to a compromised oxygen supply to the 
developing brain. Characteristics of cerebral palsy can vary depending on the location and size of the 
lesion. There are five defined types of cerebral palsy consisting of spastic, athetosis, ataxia, rigidity and 
tremor. Of the five types, spastic type is the most prevalent with an occurrence of approximately 50 to 60 
percent of all cases (Stanley & Blair,  1984).  Since the prevalence of spastic type is so high, as well as the 
focus population for this investigation, further discussion of the characteristics is warranted. 
Spastic type of cerebral palsy is the consequence of a lesion in the motor cortex of the brain 
(Stanley & Blair,  1984).  The lesion usually occurs during the prenatal or natal period, with some incidence 
in the post natal period. The cause during the prenatal period may be due to an infection, toxins in the 
blood, or anoxia. Natal causes consist of anoxia as well or trauma to the head. Postnatal causes are usually 
severe head injuries or infections (Nelson & Ellenberg,  1986). 
The spastic type of cerebral palsy is characterized by increased hypertonicity, or inability of the 
muscles to relax during times of non use. An exaggerated stretch reflex is often cited as the cause of the 
increased muscle tone, however, the exact origin of hypertonicity is unknown (Katz & Rymer,  1989). 
Hypertonicity is often found in the extensor muscles of the lower extremities and in the flexor muscles of 57 
the upper extremities (Stanley & Blair, 1984). Spasticity causes difficulties in movement that include 
discoordination, loss of dexterity, weakness, fatigability as well as increased muscle tone (Katz & Rymer, 
1989). 
Differences in movement potential of persons with cerebral palsy are best described using a 
functional classification system. The functional classification system is based on the capacity on an 
individual's body to move through and manipulate her/his environment. The major areas of the 
classification system are based on the mode of locomotion used and the amount of functional use of the 
individual has of the lower and upper extremities. According to Sherrill (1986), the functional 
classification system is useful in the physical education setting as well as competitive sport. The official 
system developed by the United States Cerebral Palsy Athletic Association has eight classes and was 
developed to equalize athletic competition. A detailed description of the system can be found in Appendix 
D. 
The functional classification system can be a useful tool in the development of curriculum and 
equalization of athletic events of individuals with cerebral palsy. However, improvement of functional 
performance in individuals with cerebral is more difficult to resolve. There have been several methods 
proposed to improve motor performance of individuals with cerebral palsy. One such technique is 
positioning the individual to maximize function of the extremities. Proper positioning can be done in body 
orientations of lying, sitting, or standing. For this particular review, the focus will be on the sitting 
position. 
Seat Position 
The following is a discussion of previous research on back and seat rest inclination and their 
effects on motor performance of individuals with cerebral palsy. In order to establish a consistent nature of 
reporting seat position across studies the following system was used. The angle of seat rest from horizontal 
was represented first and separated from the seat back angle from the vertical plane by a "I". For example 
(0/0) will represent a seat position in which the seat rest is horizontal and the seat back is vertical (see 58 
Figure 23). Negative values was used to represent angular deviations clockwise from the respective 
horizontal and vertical planes of a subject positioned facing to the right when placed directly in front of the 
viewer. 
When evaluating the literature on seat position there were two distinct methodological types of 
studies. One type evaluated seat orientation by measuring spasticity in the muscles of the low back and 
legs. These studies used the principle of a larger electromyographical (EMG) output indicating more 
spasticity. The other type of studies evaluated upper extremity function as a means of seat orientation. 
The following discussion was carried out by the methodology used in the study. 
Figure 24: Schematic of seat orientations used in previous studies. 
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Electomyographical studies 
Nwaobi, Brubaker, Cusick and Sussman (1983) examined the effects of seat position on 
electromyographical (EMG) output from lower back muscles (iliocostalis lumborum). These researchers 
hypothesized that certain seat positions would reduce the occurrence of tonic muscle activity in the 
iliocostalis lumborum muscle. Subjects for the study consisted of 7 males and 5 females with spastic 
cerebral palsy levels ranging from mild to severe. Subjects were required to sit motionless during data 
collection at selected seat positions consisting of 0/-15, 0/0, 0/15, 0/30, 15/0, 15/15 and 15/30. EMG data 
was collected for 1 minute at each seat position while the subject sat motionless. 
Results of the study indicated that seat positions with back rest inclinations of 0, -15, -30 had the 
lowest levels of tonic activity, respectively. Back rest inclination of 15 recorded the highest level of tonic 
activity. The differences between 0 and 15 degrees of seat rest position indicated only slight differences 
favoring the 0 position. Researchers stated that positioning of the body with respect to its line of support 
may have a significant relationship with low back muscle activity. The occurrence of an increase in tonic 
activity might be due to the joint moments caused along the low back when the body's center of mass is 
positioned off of its line of support (i.e. ischial tuberocities) with respect to the horizontal axis. 
Nwaobi (1986b), examined the differences in integrated electromyographical (IEMG) recordings 
of the low back extensor muscles (iliocostalis lumborum), hip adductors (adductor magnus) and ankle 
plantar flexors (gastrocnemius) in 12 children with spastic cerebral palsy. Subjects consisted of 8 males 
and 4 females between the ages of 6 and 18 years. All subjects were diagnosed with mild to moderate 
spastic diplegia. 
A trial consisted of a subject being randomly positioned at either 30/30 or 0/0 and EMG data were 
collected for a 10 second interval while the subject remained motionless. Two recordings were collected 
on each subject at each seat orientation. EMG data were collected using surface electrodes attached over 
motor points identified on the iliocostalis lumborum, adductor magnus, and gastrocnemius muscles. IEMG 
data were collected using a 12 channel EMG amplifier system and a 16 channel analog to digital converter 
(A/D) attached to an Apple II computer. Amplifiers were set with a frequency response of 35Hz to 3kHz, 60 
gain of 10,000, and an integrator time constant of 0.05 seconds. The mean IEMG value was then used for 
each muscle to quantify differences in muscle activity between seat positions. 
Results of the study indicated that the 0/0 seat orientation had significantly lower (p < .05) IEMG 
counts than the 30/30 orientation in the iliocostalis lumborum, adductor magnus muscles. Since lower 
counts indicate lower activity within the muscle, researchers assumed that lower counts represent a 
decrease in spasticity in the muscles. The 0/0 seat orientation had a lower count for the gastrocnemius 
muscle than the 30/30 position, however, this was not found to be significantly different. Nwaobi (1986b) 
suggested that the 30/30 position probably increased tone due to the tonic labyrinthine reflex stimulated by 
the position of the head with its line of support against gravity. 
Myhr and von Wendt (1993) studied the effects of seat position and abduction orthosis on IEMG 
counts of children between 5 and 16 years of age. Subjects consisted of 14 children, 8 of which had severe 
spastic cerebral palsy and 6 nondisabled as controls. Subjects with cerebral palsy were not able to sit or 
walk independently. 
Researchers measured the IEMG counts during 1 minute interval of six different seating positions 
during two different conditions. The first condition was when the child was sitting quietly listening to a 
story and the second condition was when the child was engaged in an upper extremity reaching task. 
Seating positions consisted of: 0/0, 0/10, 0/-10, 0/0 plus and abduction orthosis (AO), 0/10 + AO, 0/-10 + 
AO. EMG recordings were made simultaneously on the leg muscles (rectus femoris, adductor longus, 
biceps femoris and gastrocnemius) on each subject at each position and condition combination. EMG data 
was collected using surface electrodes over the muscle bellies. EMG signals were integrated via a simple 
full-wave rectifier and a low-pass filter to give the time integral of the input wave form. 
Results of the study indicated that subjects with cerebral palsy had higher IEMG activity in the 
0/10 and 0/10 + AO positions than 0/0, 0/0 + AO, 0/-10, and 0/-10 + AO positions. These results also 
indicated that IEMG activity was larger in the biceps femoris and adductor longus rather than the expected 
rectus femoris muscle. 
Studies which focused on the EMG output from muscles of the low back and legs at different seat 
positions have found the closer the body is aligned over the base of support (ischial tuberocities) a 61 
reduction in the amount of muscle activity occurs (Myhr & von Wendt, 1993; Nwaobi, Brubaker, Cusick & 
Sussman, 1983; Nwaobi, 1986). A decrease in muscle activity indicated that there was a reduction in the 
amount of spastic activity within the muscles. Researchers suggested that the reduced activity might be 
explained by the decrease in the joint moments about the low back and hips when the body is positioned 
over its line of support. When the body is positioned outside of its line of support, the increased moments 
at the low back and hip joints cause the muscles of the low back and legs to respond to hypertonic stretch 
reflexes found in individuals with cerebral palsy. The findings of EMG studies were consistent across 
studies. Researchers suggested that a decrease in spasticity of the postural muscles might have a direct 
relationship with the functional ability of subjects to perform upper extremity tasks. However, functional 
aspects of performance at different seat positions have been somewhat conflicting with these results. 
Upper extremity function studies 
Seeger, Caudrey & O'Mara (1984), followed up the findings by Nwaobi. Brubaker, Cusick & 
Sussman (1983) by investigating the effects of hip flexion angle on the performance of hand function in 
subjects with cerebral palsy. Researchers hypothesized that hip flexion angle would have no significant 
effect on hand function in subjects with cerebral palsy. Subjects consisted of 3 female and 6 male 
individuals with mild to severe cerebral palsy. Six of the subjects had athetoid and 3 had spastic type 
cerebral palsy. All subjects had either extensor or flexor spasticity of the muscles surrounding the hip 
joint. Subjects were required to complete a computerized joystick control protocol while sitting in each of 
the varied positions. The protocol consisted of a series of targets which the subject must maneuver a cursor 
on the screen via the joy stick as quickly and accurately as possible. Seat positions for the study consisted 
of 0/0, 10/0, 20/0, and 30/0. 
Results of the study indicated that there was no difference in the mean response time or number of 
errors between seat positions. The results supported the researchers hypothesis that hip angle did not effect 
hand function in subjects with cerebral palsy. However, two-thirds of the subjects had athetoid type of 
cerebral palsy. 62 
Nwaobi, Hobson, and Trefler (1985), found different results than Seeger, Caudrey and O'Mara 
(1984) when evaluating children with spastic cerebral palsy on upper extremity function. Subjects were 
measured when true hip flexion was positioned at 50, 70, 90 and 110 degrees of flexion. Researchers 
indicated that movement time was best when subjects were positioned at 90 degrees of hip flexion and 
poorest at 50 degrees. 
Nwaobi (1986a) disagreed with the methods used in Seeger, Caudrey and O'Mara (1984), 
suggesting that the method of adjusting seat back rest inclination was not established as an appropriate 
system to adjust hip flexion angle. It was suggested that angular changes between the seat and back rests 
affect both hip flexion angle and lumbar spine. Hence, the accuracy of Seeger, Caudrey, and O'Mara 
(1984) was placed in doubt since the researchers did not measure the actual hip flexion angle. Nwaobi 
(1986a) suggested that future studies on seat positioning use an electric goniometer device to accurately 
measure true hip flexion angle. 
Nwaobi (1987) further examined the effects of seat positioning by evaluation of performance time 
in a upper extremity reaching task in children with cerebral palsy. Subjects consisted of 13 children 
between 8 and 16 years, with either spastic or athetoid type cerebral palsy. Subjects were considered to 
have moderate to severe levels of cerebral palsy. The test consisted of a subject's ability to rapidly reach 
out and touch a switch with their hand and return the hand to it's original position when prompted by a 
visual cue on a computer screen. Subjects were evaluated on the amount of time that it took to complete 
the upper extremity task at the different seating positions. 
Positioning of the subjects was achieved by using the Electric Goniometer such that true hip 
flexion angle was maintained at a 90 degree angle during all seat positions (Nwaobi 1986a). Subjects were 
then tested when the seat position were randomly arranged at: 30/30, 15/15, 0/0, and -15/-15. 
Results of the study indicated that performance time was best in the 0/0 seat position for both 
spastic and athetoid subjects. Nwaobi (1987a) indicated that the previous research supported the 0/0 
position due to the lower activity of tonic muscle activity.  It was suggested that the results of this study 
might support the previous work such that reduced spasticity would cause an improvement in movement 
performance. However, it was also suggested that the 0/0 position had a biomechanical advantage over the 63 
15/15 and 30/30 positions due to their need for more work against gravity. The -15/-15 position does not 
have biomechanical disadvantage when compared to the 0/0 position, yet there was a difference in 
performance times favoring the 0/0 position. 
Myhr and von Wendt (1991) investigated the effects of sitting position in 23 children with 
cerebral palsy. Subjects consisted of 8 female and 15 male children between the ages of 2.6 and 16.2 
years. The range of severity of disability was from mild to severe spastic cerebral palsy. 
These researchers found through the literature that when sitting weight is primarily distributed 
over the ischial tuberocities that the moment about the hip joint is at a minimum. Researchers also 
indicated that the lordosis of the lower back is flat when an individual is in an upright posture. Researchers 
hypothesized that by producing a forward leaning posture with the pelvis tipped forward that balance of the 
trunk would improve in subjects with spasticity in their trunk. This position could be achieved by tipping 
the seat and back rest forward thus promoting an anteriorly tilted pelvis which helps to prevent the subject 
from sliding out of the seat. 
Subjects were evaluated in six different positions ranging from: (a) Original position - child 
seated in his/her everyday chair with the line of gravity position behind the ischial tuberocities; (b) same as 
(a) but with a cut out level table place in front of the subject; (c) functional sitting position - where the line 
of gravity was placed in front of the ischial tuberocities, but with no abduction orthosis; (d) in original 
position but with an abduction orthosis; (e) in functional sitting position but with out the cut out table; (f) in 
functional sitting position with abduction orthosis and cut out table. Subjects were filmed during a five 
minute interval in constant external surroundings in each of the sitting positions. 
Video tapes were analyzed by two physical therapists who did not know the objective of the 
study. The therapists assessed the subjects on a sitting assessment scale which gave scores from 1-4 on the 
variables of head, trunk and foot control as well as arm and hand function. The therapist also counted the 
number of pathological movements (spastic reflex patterns) which the child exhibited during each trial. 
Subjects were also measured for the amount of time that the head was in an upright position during the 
trials of positions 2 and 6. 64 
Results indicated that subjects had significantly increased the amount of time of postural control 
in position 6 when compared to position 2 (p=.001). Pathological movements were also significantly 
decreased in position 6 when compared to position 2 (p=.002). Performance of subjects in the sitting 
assessment scale also improved significantly from position 2 to 6 (p=.001). Researchers indicated that the 
results favored the sitting position where the subjects line of gravity was positioned in front of the ischial 
tuberosities. 
McClenaghan, Thombs and Milner (1992), investigated the effects of seat surface position on 
postural stability and upper extremity function of both nondisabled and children with cerebral palsy. 
Subjects consisted of 10 nondisabled and 10 children with mild to moderate spastic cerebral palsy, between 
4 and 15 years of age. 
Researchers analyzed postural stability by using a force plate as the seating surface. The force 
plate was sampled at 100Hz during each trial time. Two dimensional position data was also collected using 
an unspecified video acquisition technique on the head, shoulder, hip, knee and ankle during each trial to 
provide evidence of postural stability. 
Upper extremity performance was measured using the following tasks: 
1. Finger-tapping (linear) - subjects were required to alternately tap their finger on two targets on 
a table directly in front of the subject. The targets were place 30cm apart horizontally from the child. 
2. Finger-tapping (curved)  subjects were required to perform the same task as in finger tapping 
(linear) except an obstacle was placed between the targets, requiring the subject to move the hand in a 
curved path. 
3. Pellet pick-up - subjects were measured on the amount of time that it took them to place 10, 1.5 
cm in diameter pellets into a 7 cm diameter opening. 
4. Peg-turn- subjects were measured on the amount of time that it took them to turn eight pegs (1 
cm in diameter) held vertically in 1.5 cm in diameter holes positioned 4 cm apart. 
5. Thumb-press- subjects were measured on the number of times that they could depress a hand 
held switch with the thumb in a 15 second time period. 65 
7. Pencil-tracing- subjects were scored on the time taken as well as accuracy, at tracing a 20 cm 
horizontal line, a triangle with 10 cm sides, and a circle with a radius of 5 cm. Accuracy was measured as 
the percentage of the drawing which was within 1 mm of the template drawing. 
Seat rest inclinations tested consisted of 0/0, 5/5, and -5/0. Positional data and force data were 
collected during two conditions at each seat rest inclination. The first condition was when the child was 
sitting quietly and the second condition was when the child was performing the peg-turning motor task. In 
addition, each subject was tested on each of the seven upper extremity tasks at each seat rest position. Seat 
rest positions were randomly allocated in terms of sequence of testing. 
Postural analysis of head shoulder and hip displacements indicated that there was a significant 
difference (p<0.05) between nondisabled and subjects with cerebral palsy at both the quiet and active 
conditions. Seat surface inclination had a significant (p<0.05) effect during quiet sitting in subjects with 
cerebral palsy. Motion of the head, hip, knee, shoulder and ankle was less in the 5/0 position. Force 
measurements of the center of pressure were analyzed for their variability to assess the postural stability of 
the subjects. Results of force measurements indicated that subjects with cerebral palsy had greater 
variability than nondisabled subjects during active sitting(p<0.05). In subjects with cerebral palsy, the 
center of pressure of the seat inclination of -5/-5 during the active condition was positioned significantly 
forward of the 5/0 position (p=0.004) and the 0/0 position(p=0.08). 
Results of the upper extremity motor tasks indicated that seat inclination effected linear tapping 
and thumb-press tasks (p<0.05) for both groups. The -5/-5 position provided better performances in the 
thumb-press and the linear tapping task. 
There have been several studies which have investigated the effects of seat position on the motor 
performance of individuals with cerebral palsy. Researchers have found conflicting results across studies 
(Nwaobi, Brubaker, Cusick & Sussman, 1983; Seeger, Caudrey & O'Mara, 1984; Nwaobi, Hobson, & 
Trefler, 1985; Myhr, & von Wendt, 1991; 1993; McClenaghan, Thombs, & Milner, 1992; Nwaobi, 1986b; 
1987). Differences exhisted in the nature of methodologies, subjects, and variables used in the studies. 
Differences between studies make it difficult to draw conclusions about the effect seat position has on 
subjects with cerebral palsy. However, general trends can be established between some of the studies. 66 
Studies of functional performance provide the most conflicting results of seat positioning in 
subjects with cerebral palsy, however, these studies also have larger methodological differences. 
Researchers have evaluated tasks consisting of movement time, drawing, picking up and placing objects 
and drawing tasks. There have also been differences in the positioning strategy used by the studies. Some 
have evaluated positioning as a function of hip angle and others have used a combination of hip angle and 
the orientation of the subjects line of gravity with respect to the ischial tuberosities. 
The most notable conflict in the literature was the role that hip flexion angle plays in the function 
of upper extremities. Seeger, Caudrey and O'Mara, (1984) suggested that hip flexion angle does not have 
any effect on upper extremity function while the back rest inclination was held constant at a vertical angle. 
However, Nwaobi (1987, 1986b, 1985) and colleagues indicate that hip flexion angle does play a role in 
upper extremity function. The relationship that hip flexion angle plays in the reduction of spasticity was 
not as clear as that of the orientation of the line of gravity. This may be why Nwaobi (1986b) suggested 
that hip flexion angle may not be as significant as the effect of the body's line of gravity with respect to the 
base of support. 
Results by Nwaobi (1987, 1986b), Myhr and von Wendt (1991) and McClenaghan, Thombs and 
Milner (1992) suggested that the orientation of the line of gravity have an influence on the function of the 
upper extremities. However, different theories have been used to describe the effects seen in upper 
extremity function. Nwaobi (1987) suggested that upper extremity function is increased when spasticity of 
the trunk was reduced. Spastic responses were caused by an increase in joint moments about the low back 
when the line of gravity of the subjects body moves off of its line of support (ischial tuberocities). 
Therefore, a position of 0/0 was best since it places the subject body directly over its line of support. 
Myhr and von Wendt (1991) suggested that by positioning the individual such the body's line of 
gravity was forward of the ischial tuberocities, that upper extremity function would be improved. This was 
accomplished by producing a forward leaning posture with the pelvis tipped forward causing balance of the 
trunk to improve in subjects with spasticity in their trunk. Researchers theorized that by improving balance 
of the trunk, upper extremity function would also improve. This position could be achieved by tipping the 
seat and back rest forward thus promoting an anteriorly tilted pelvis which helps to prevent the subject 67 
from sliding out of the seat. Results of Myhr and von Wendt (1991) and McClenaghan, Thombs, and 
Milner (1992) both support the theory of improved upper extremity function by positioning of the subjects 
line of gravity forward of the ischial tuberocities. 
Of the studies discussed within this portion of the literature review the theory produced by Myhr 
and von Wendt (1991) appears to be the most logical. Myhr and von Wendt's theory also gains strength 
since results of McClenaghan, Thombs, and Milner (1992) also provided support for it. However, there is 
still insufficient evidence to provide a generalization of the theory into other upper extremity motor tasks. 
One motor task which is of extreme importance to individuals with cerebral palsy is manual propulsion of a 
hand-rim wheelchair. 
Biomechanics of Wheelchair Propulsion 
There have been a large number of biomechanical studies which have evaluated wheelchair 
propulsion. There are also several methods of wheelchair propulsion including upper extremity gear 
driven cycle systems, push-lever propulsion, and the most common, hand-rim propulsion. Since hand rim 
propulsion is the most widely accepted form of manual wheelchair propulsion, it will be the focus of the 
literature review on the biomechanics of wheelchair propulsion (Sanderson & Sommer, 1985). The 
following three areas will be addressed in the review: (a) muscles most involved; (b) kinematic 
description of propulsion; (c) effects of seat position on wheelchair propulsion. 
Muscles involved in the propulsion of a hand-rim wheelchair are dictated by the functional ability 
of the individuals muscles. Those individuals with rectus abdominis function use it during the propulsive 
phase to cause flexion of the trunk (van der Woude, Veeger, Rozendal, & Sargeant, 1989). Ridgway, 
Pope, and Wilkerson (1988) suggested that athletes with use of the rectus abdominis muscle, transfer 
momentum from the trunk to the hand-rims. Prime movers of the propulsive phase include the anterior 
deltoid, pectoral muscle group, and the triceps muscle (Cooper, 1990a). Anterior deltoid and pectoral 
muscle groups are used to flex the shoulder anteriorly, while the triceps muscle group extended the elbow 
joint (van der Woude, Veeger, Rozendal, & Sargeant, 1989). 68 
During the recovery phase, trapezius and posterior deltoid muscle groups are used to raise the 
scapula and flex the shoulder respectively. Also during the recovery phase the biceps muscle is used to 
flex the elbow joint (van der Woude, Veeger. Rozendal, & Sargeant, 1989). Depending on the functional 
ability of the erector spinae muscle group can be used to extend the trunk after it had been flexed to 
transfer the trunk's momentum to the hand rim (Ridgway, Pope, & Wilkerson, 1988). 
Kinematics of wheelchair propulsion have been best described by temporal variables and 
segmental displacement. The temporal variables are those characteristics of propulsion which are cyclical 
in nature and are described by their relationship to time. These variables are critical because they allow 
researchers to determine how often motor units are used to maintain a certain level of performance. Since 
motor unit activation is critical in the optimization of human movement, investigation of these variables 
becomes necessary. Brubaker (1986), indicated that the efficiency of wheelchair propulsion approaches 
maximum efficiency when contracting at a frequency of 50 to 60 cycles per minute. Within each technique 
of propulsion, there are also some well defined strategies depending on the purpose of the movement. For 
example, techniques of hand rim propulsion for a sprint race are quite different than those techniques used 
for locomotion necessary for daily living. This is best described by the findings of Cooper (1990a). After 
reviewing the literature Cooper found that while maintaining a constant speed, stroke rates ranged from 50 
to 80 per minute and during acceleration stroke rates ranged from 100 to 150 per minute. 
Other temporal variables measured by researchers are the amount of time used for each stroke, the 
percentage of time spent in propulsion, and the percentage of time spent in recovery. Researchers suggest 
for an individual propelling at a given speed that the technique which has a lower pushing frequency, and a 
longer recovery phase and recovery time is the most efficient (Masse, Lamontagne & O'Riain, 1992). 
Data acquisition of wheelchair propulsion has been done primarily by a four-link segment model 
(Cooper, 1990a). The model segments consist of, wrist/hand, lower arm, upper arm, and trunk. The 
segmental model allows the researcher to evaluate linear displacements of the segments and the joint angles 
of the wrist, elbow, and shoulder, as well as, the inclination of the trunk. Other researchers have used the 
same segmental model, with three additional points to analyze the degrees of contact during the propulsive 
phase. The degrees of contact variable is formed with the apex of the angle represented by the main axle 69 
of the rear wheels and the two end points of the angle represented by the points where the hand contacts 
and leaves the push rim (Masse, Lamontagne & O'Riain, 1992). Yet others have used an additional point 
on the head to describe the linear displacement which occurs in different classes of athletes (Ridgway, 
Pope, & Wilkerson, 1988) 
The angle variables described above have been used by researchers to describe different 
propulsion techniques. This was usually accomplished by taking values of the joint angles at specific 
points in the propulsive cycle. Common cycle points of angle variable comparisons are at contact and 
release of the hand rim (Cooper, 1990a). Another method of comparison used in the research was to 
evaluate the change in a particular angle variable during the propulsive or recovery phases ofa cycle 
(Ridgway, Pope, & Wilkerson, 1988). Still, other kinematic variables used by researchers consisted of 
both linear and angular velocities and accelerations in the four segment model (van der Woude, Veeger, 
Rozendal, & Sargeant, 1989). The use of kinematic variables has been beneficial in describing differences 
in wheelchair propulsion. 
In the past twenty years there has been an increase in the number of studies examining the 
biomechanics of wheelchair propulsion. Researchers have indicated there are several factors which effect 
kinematic variables of wheelchair propulsion. These factors include: push-ring diameter, speed, work load, 
fitness of the athlete, levels of injury, seat position, purpose of the task, and anthropometric differences 
between individuals (Sanderson & Sommer, 1985; Walsh, Marchiori, & Steadward, 1986; Brubaker, 1986; 
Ridgway, Pope, & Wilkerson, 1988; van der Woude, Veeger, Rozendal & Sargeant, 1989; Cooper, 1990a; 
Veeger, van der Woude & Rozendal, 1991; Hughes, Weimar, Seth & Brubaker, 1992; Masse, Lamontagne 
& O'Riain, 1992; Rodgers, Gayle, Figoni, Kobayashi, Lieh & Glaser, 1994). In the above listed factors 
effecting kinematics of wheelchair propulsion, changes in hand-rim diameter and seat position are used to 
improve performance within given conditions set by the other mentioned factors. However, for the 
purpose of brevity only a discussion on seat position was conducted. 
Results of the studies completed on the seat orientation with respect to the rear wheel axle 
indicated several differences in many of the kinematic variables as well as in muscle activation. 
Researchers investigating the effects of seat height had the following findings. Seat positions lower (closer 70 
with respect to the vertical axis) to the rear wheel axle had larger ranges of motion in the elbow and 
shoulder joints (van der Woude, Veeger, Rozendal, & Sargeant, 1989; Hughes, Weimar, Sheth, & 
Brubaker, 1992; Masse, Lamontagne & O'Riain, 1992). Researchers found a significant increase in trunk 
flexion during the propulsive phase with higher seat position (van der Woude, Veeger, Rozendal, & 
Sargeant, 1989). Also a decrease in push range and push time were found with an increase in seat height. 
Most researchers indicated that the lower seat positions with respect to the rear wheel axle produce a more 
efficient movement pattern (van der Woude, Veeger, Rozendal, & Sargeant, 1989; Masse. Lamontagne & 
O'Riain, 1992). 
Researchers investigating the effects of seat position with respect to the horizontal axis to the rear 
wheel axle also found significant differences in kinematics of wheelchair propulsion.  It was indicated that 
when subjects were in seat positions in front of the rear wheel axle a larger motion in shoulder 
adduction/abduction and flexion/extension as well as elbow flexion/extension was noted when compared to 
seat positions behind the rear wheel axle (Hughes, Weimar, Sheth, & Brubaker, 1992). Others indicated a 
lower pushing frequency and a longer recovery phase in seat positions directly over and behind the rear 
wheel axle (Masse, Lamontagne & O'Riain, 1992). 
Several studies have investigated the effects of seat position on performance of wheelchair 
propulsion. A majority of these studies have evaluated how the seat position was related to the rear wheel 
axis with respect to the horizontal and vertical plane (van der Woude, Veeger, Rozendal, & Sargeant, 1989; 
Masse, Lamontagne & O'Riain, 1992; Hughes, Weimar, Sheth, & Brubaker, 1992; Walsh, Marchiori, & 
Steadward, 1986). Across studies there appears to be a maximization in a position that places the user low 
and toward the rear wheel axle. Brubaker, (1986) indicated that seat and back rest inclination would cause 
some change in efficiency and control of manual wheelchair propulsion. But changes in seat and back rest 
inclination would not cause as much difference in efficiency and control as changes in seat movements in 
the horizontal and vertical positions. However, the subjects used when determining appropriate seat 
positioning have primarily been nondisabled, or individuals with paraplegia or amputation (Sanderson & 
Sommer, 1985; Walsh, Marchiori, & Steadward, 1986; Brubaker, 1986; van der Woude, Veeger, Rozendal 
& Sargeant, 1989; Cooper, 1990b; Hughes, Weimar, Seth & Brubaker, 1992; Masse, Lamontagne & 71 
O'Riain, 1992). One particular group of individuals which has been left out of the maximization picture 
are individuals with cerebral palsy. Research in this area is extremely important when considering the 
effects seat positioning can have on the motor performance of individuals with cerebral palsy (Nwaobi. 
Brubaker, Cusick & Sussman, 1983; Seeger, Caudrey & O'Mara, 1984; Nwaobi, Hobson, & Trefler, 1985: 
Myhr, & von Wendt, 1991; 1993: McClenaghan, Thombs, & Milner, 1992; Nwaobi, 1986b; 1987). 72 
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EFFECTS OF SEAT POSITION IN WHEELCHAIR PROPULSION OF INDIVIDUALS WITH
 
SPASTIC CEREBRAL PALSY 
1. Significance of the Study 
The purpose of this study is to determine the effect of back and seat rest inclination on the kinematic 
variables of manual hand-rim wheelchair propulsion in subjects with spastic cerebral palsy.  Previous 
research has indicated that during static conditions individuals with spastic cerebral palsy have improved 
upper extremity performance as the body center of mass is positioned in front of the hip joint, while 
maintaining hip angle at 90 degrees (Nwaobi, 1987; McClenaghan, Thombs. & Milner, 1992; Myhr  & von 
Wendt, 1992). It has been hypothesized that since individuals with spastic type cerebral palsy have 
improved functional upper extremity performance during static activities that similar results will be found 
in dynamic activities such as wheelchair propulsion. 
2. Methods 
Experimental Protocol: 
Subjects will be required to propel a standardized wheelchair during six different seat orientations 
constituting six different conditions. Seat orientations will consist of three back rest angles (3, 0, -5) and 
two seat rest angles (0, 5). All combinations of seat and back rest angles will be used to constitute six 
different seating conditions (see Figure 25). The Swede Elite (ETAC USA) wheelchair will be used due to 
its unique ability to adjust at critical areas of interest. A proposal has been submitted to ETAC USA to 
secure the use of this wheelchair. Each subject will be fitted to the appropriate size wheelchair according 
to company specifications. 
Figure 25: Schematic of seat orientations used in this study. 
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Subjects will be filmed while propelling the wheelchair fixed to a frictionless roller system at each 
seating condition. Subjects will be required to wear small pieces of reflective tape on their knee, hip, 
shoulder, elbow, finger and head to aid in collection of kinematic data. Each condition will be performed 
at two and four kilometers per hour on the roller system. Filming will be completed at a sampling rate of 
60 Hz using two Panasonic AG 450 video cameras. Cameras will be positioned such that three 
dimensional kinematic data of subject performances can be collected. To monitor velocity the roller 
system will be integrated with an electronic eye which allows velocity to be calculated through an IBM 74 
compatible computer. Three dimensional kinematics of subject performances will be analyzed using Peak 
Performance 5 motion analysis system. 
Differences in subject performance are expected in elbow and shoulder range of motion as well as 
percentage of time spent in the power and recovery phases of propulsion. Other variables studied will 
include symmetry of upper extremity motion. 
3. RisksiBenefits to Subjects 
Risks: There are few risks involved in this study since the subjects will be performing an activity 
which occurs in their everyday life. However, there is always the risk of some hand soreness when 
propelling a wheelchair. The use of a frictionless roller system also reduces the risk of injury due to 
accident. The wheelchair will be bolted to the roller system keeping the subjects from rolling out of 
control into possible dangerous situations. 
Other risks associated with the study are found in the transfer of the subjects from their wheelchair 
to the wheelchair used in the study. The chair in the study is positioned on top of the frictionless roller 
system which is approximately eight inches above the ground. A ramp and platform will be used to place 
the subject in their own wheelchair at the same height as the testing wheelchair on the roller system (see 
Figures 26a and 26b). From this position a one person pivot transfer may be competed to transfer the 
subject from their wheelchair to the testing wheelchair. Dimensions of the platform will be large enough to 
allow for both the wheelchair, transfer assistant, subject, and extra space for a safe transfer. Trained 
personnel will assist in transferring subjects to the mounted wheelchair. At least two individuals will be 
present during testing and transfers, not including the subject. 
Pivot Transfer 
1.	  Position subject close to the chair being transferred to. 
2.	  Before standing, the subject should be positioned as such in the chair: 
a.	  Feet flat on the floor. 
b.	  Hips are forward toward the front of their wheelchair. 
c.	  Head and upper torso are forward. 
d.	  Hands are on the arm rests ready to push or around your upper arms/shoulder area for 
balance/stability purposes. 
3.	  Before transfer of the subject, the person assisting the subject should be positioned as such: 
a.	  Feet shoulder width apart for a good base of support. One foot should point toward the 
subject and the other toward the target chair. 
b.	  Knees are bent and back is straight. Lift should be completed with the legs. 
c.	  Grasp the subject firmly around the waist toward the back of hips. 
d.	  Get as close to the child without getting your feet tangled up. 
4.	  Assist the subject to his/her feet. When the subject is standing, pivot the subject toward the target 
chair. 
5.	  When in correct position with back to target chair, place subject in target chair. Remember to 
bend knees when lifting the subject. 75 
Figure 26: Diagram of ramp orientation to roller system. 
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Benefits: Research of manual hand-rim wheelchair propulsion have primarily investigated 
nondisabled, subjects with spinal cord injuries and amputations. There has been little research 
investigating the mechanics of wheelchair propulsion by individuals with cerebral palsy, even though 
strong support has been provided for functional differences in upper extremities with various seat and back 
rest inclinations during static conditions ( Nwaobi, Brubaker, Cusick & Sussman, 1983; Hobson & Trefler, 
1985; Myhr & von Wendt, 1991; 1993; McClenaghan, Thombs, & Milner, 1992; Nwaobi, 1986; 1987a; 
1987b). Findings from this study can lead researchers in new directions due to insights derived from 
evaluating seat and back rest inclinations. This study will also provide more information for decisions 
making when positioning children with cerebral palsy in wheelchairs. 76 
4. Subjects 
Twenty subjects between the ages 10 and 18 will volunteer to participate. Subjects will consist of 
those individuals with spastic type cerebral palsy and will be classified using USCPAA functional sport
 
classification as a Class III or IV.
 
Class III = Moderate involvement in three or four extremities and trunk. Able to propel a wheelchair 
independently with upper extremities. May be able to ambulate short distances with assistive 
devices. Moderate limitations in range of motion and/or coordination. 
Class IV = Moderate to severe spastic involvement in lower extremities. Good functional strength and 
minimal limitations in range of motion and coordination in the upper extremities. Propels 
wheelchair independently with good control on level surfaces and inclines. 
All subjects will use a wheelchair as their primary means of ambulation during daily activities and/or sport 
participation. Both females and males will be used as subjects for the study. 
Each subject and parent will be informed of the test protocol and required to read and sign a 
written informed consent, previously approved by the Oregon State University Institutional Review Board. 
5. Subject Confidentiality 
Data collected during the study will be used for statistical analysis and scientific purposes with the 
subject's right to privacy retained. Subjects will be referred to as a numerical figure, randomly assigned at 
the onset of the study, on all reports and publications of this data. Access to the data will only be available 
to the researchers in the study. Following final publication of data, the code list of numerical references 
and corresponding names, as well as the biomechanical videotape, will be destroyed. 
6. Methods to obtain informed consent 
Letters describing the nature of the study as well as the criteria for subjects will be distributed 
throughout the Portland, Eugene, Corvallis and Springfield Public School Systems. Potential subjects will 
be identified by adapted physical education specialists in the school district. Parent letters will be sent via 
these specialists to identify interest in participation. See attached letter for a sample of the solicitation 
letter. After responding to the letter it will be determined if the potential subject meets the exact subject 
criteria for the study. If the subject meets the criteria and is interested in participation the subject will be 
asked to volunteer for the study. Prior to participation in the study, the parent and the subject will be asked 
to read and sign the informed consent statement. 77 
October I I, 1994 
Dear Parent: 
I am a doctoral student at Oregon State University in the Movement Studies in Disability program.  I am 
interested in studying efficient wheelchair use by people with cerebral palsy.  I would like to ask you to 
consider allowing your son/daughter to participate in this study. 
In order to participate in the study your child needs to meet the following criteria: 
(1). Between 10 and 18 years of age.
 
(2). Diagnosed with spastic cerebral palsy.
 
(3). Have moderate to severe spasticity in the legs and may have involvement in the arms.
 
(4). Use a wheelchair as their primary means of ambulating during daily activities and/or sport
 
participation. 
(5). Able to propel a wheelchair for at least one minute without stopping for rest. 
Those individuals who wish to participate in the study will be asked to push a special wheelchair on a roller 
system during six different seat positions. The wheelchair will be adjusted into seat positions by changing 
the angle of the back and seat rests. The individual will be videotaped while pushing the chair at each 
seating position. The video tape will be used to identify differences in pushing technique used in each seat 
position. All video tapes will be confidential and will only be viewed by the researchers. The video taping 
of performances will take place in an identified location near the child's home or school. It should take no 
more than two hours to complete the videotaping. 
If you would like more information about the study please call Steve Skaggs at 503-737-3402 or Jeff 
McCubbin, Ph. D at 503-737-5921. Thank you for your interest and I look forward to hearing from you. 
Sincerely, 
Steve Skaggs 
cc:  Jeff McCubbin 78 
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Statement of Informed Consent
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Parent Statement of Informed Consent (United States) 
I understand that, with my consent, my child will be participating in a research study. The study will be 
looking at differences in the way my child pushes a wheelchair at different seat positions. My child will be 
required to push a specially designed wheelchair on a roller system at speeds of approximately  1.3 and 2.5 
miles per hour. My child will push the wheelchair at these speeds during six separate seat positions. My 
child can stop pushing at any time on the roller system and will be assisted from the chair.  My child will 
wear small reflective markers on her/his knee, hip, shoulder, elbow, wrist, finger and head.  I know that 
she/he will be filmed by two video cameras while she/he is pushing the wheelchair on the roller system. 
I understand that anytime my child propels a wheelchair there is always the risk of the fingers becoming 
entangled in the spokes or general hand soreness from gripping the hand rim. 
can ask as many questions as I want about the study.  I understand that participation in this study is 
voluntary, and that my child can refuse to participate at any time. Refusal to participate will involve no 
penalty. My child can be in part or all of the study. 
I understand the University does not provide a research subject with compensation or medical treatment in 
the event the subject is injured as a result of participation in the research project. 
I know that my child's name will not be used and that the videotape of my child will only be used for 
completing this project.  I know that by watching how my child pushes the wheelchair in the study that the 
researchers intend to help her/him push the wheelchair more efficiently. 
If I have questions about the research, my rights, or research-related injuries should be directed to Jeff 
McCubbin at (503) 737-5921 or Steve Skaggs at (503) 737-3402. 
I understand the study and want my child to take part in all or some of it. 
Parent Signature  Date 
Parent Address 
Witness Signature  Date 80 
Subject Statement of Informed Consent (United States) 
I understand that I will be participating in a research study. The study will be looking  at differences in the 
way I push a wheelchair at different seat positions.  I will be required to push a specially designed 
wheelchair on a roller system at slow and medium speeds.  I will push the wheelchair at these speeds 
during separate settings of the seat adjustment.  I can stop pushing at any time on the roller system and will 
be assisted from the chair.  I will wear small reflective markers on my knee, hip, shoulder, elbow, wrist, 
finger and head.  I know that I will be filmed by two video cameras while pushing the wheelchair on the 
roller system. 
I understand that anytime I propel a wheelchair there is always the risk of the fingers becoming entangled 
in the spokes or general hand soreness from gripping the hand rim. 
I can ask as many questions as I want about the study.  I understand that participation in this study is 
voluntary, and that I can refuse to participate at any time. Refusal to participate will involve no penalty.  I 
can be in part or all of the study. 
I understand the University does not provide me with compensation or medical treatment in the event I am 
injured as a result of participation in the research project. 
I know that my name will not be used and that the videotape of me will only be used for completing this 
project.  I know that by watching how I push the wheelchair in the study that the researchers intend to help 
me push the wheelchair better. 
If I have questions about the research, my rights, or research-related injuries should be directed to Jeff 
McCubbin at (503) 737-5921 or Steve Skaggs (503) 737-3402. 
I understand the study and want to take part in all or some of it. 
Subjects Signature  Date 
Subjects Address 
Witness Signature  Date 81 
Parent Statement of Informed Consent (Canadian) 
I understand that, with my consent, my child will be participating in a research study. The study will be 
looking at differences in the way my child pushes a wheelchair at different seat positions. My child will be 
required to push a specially designed wheelchair on a roller system at speeds of approximately 1.3 and 2.5 
miles per hour. My child will push the wheelchair at these speeds during six separate seat positions. My 
child can stop pushing at any time on the roller system and will be assisted from the chair. My child will 
wear small reflective markers on her/his knee, hip, shoulder, elbow, wrist, finger and head.  I know that 
she/he will be filmed by two video cameras while she he is pushing the wheelchair on the roller system. 
I understand that anytime my child propels a wheelchair there is always the risk of the fingers becoming 
entangled in the spokes or general hand soreness from gripping the hand rim. 
I can ask as many questions as I want about the study.  I understand that participation in this study is 
voluntary, and that my child can refuse to participate at any time. Refusal to participate will involve no 
penalty. My child can be in part or all of the study. 
I know that my child's name or identifying information will not be used in reports and that the videotape of 
my child will only be used for completing this project.  I know that by watching how my child pushes the 
wheelchair in the study that the researchers intend to help adolescents with cerebral palsy push the 
wheelchair more efficiently. 
If I have questions about the research, my rights, or research-related injuries should be directed to Jeff 
McCubbin at (503) 737-5921 or Steve Skaggs at (503) 737-3402 at Oregon State University or Laurie 
Malone (403) 454-4962 at The University of Alberta. 
I understand the study and want my child to take part in all or some of it. 
Parent Signature  Date 
Parent Address 
Witness Signature  Date 82 
Subject Statement of Informed Consent (Canadian) 
I understand that I will be participating in a research study. The study will be looking at differences in the 
way I push a wheelchair at different seat positions.  I will be required to push a specially designed 
wheelchair on a roller system at slow and medium speeds.  1 will push the wheelchair at these speeds 
during separate settings of the seat adjustment.  I can stop pushing at any time on the roller system and will 
be assisted from the chair.  I will wear small reflective markers on my knee, hip. shoulder, elbow, wrist, 
finger and head.  I know that 1 will be filmed by two video cameras while pushing the wheelchair on the 
roller system. 
I understand that anytime I propel a wheelchair there is always the risk of the fingers becoming entangled 
in the spokes or general hand soreness from gripping the hand rim. 
I can ask as many questions as I want about the study.  I understand that participation in this study is 
voluntary, and that I can refuse to participate at any time. Refusal to participate will involve no penalty.  I 
can be in part or all of the study. 
1 know that my name or identifying information will not be used in reports and that the videotape of me 
will only be used for completing this project.  I know that by watching how 1 push the wheelchair in the 
study that the researchers intend to help adolescents with cerebral palsy push the wheelchair better. 
If I have questions about the research, my rights, or research-related injuries should be directed to Jeff 
McCubbin at (503) 737-5921 or Steve Skaggs at (503) 737-3402 at Oregon State University or Laurie 
Malone (403) 454-4962 at The University of Alberta. 
I understand the study and want to take part in all or some of it. 
Subjects Signature  Date 
Subjects Address 
Witness Signature  Date 83 
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United States Cerebral Palsy Athletic Association Classification System
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Class	  Description 
1  Severe spastic and or athetoid involvement in all four extremities and trunk. Poor 
functional range of motion and poor functional strength in upper extremities. Unable to 
functional propel a manual wheelchair. Unable to functionally grasp and release 
traditional field event implements. 
Propels chair with feet and/or very slowly with arms. Severe to moderate involvement in 
all four limbs. Uneven functional profile necessitating subclassifications as 2 Upper (2U) 
or 2 Lower (2L), with adjective denoting limbs having greater functional ability. Has 
approximately 40% range of motion. Severe control problems in accuracy tasks, generally 
more athetosis than spasticity. 
3	  Propels chair with short, choppy arm pushes but generates fairly good speed. Moderate 
involvement in three or four limbs and trunk. Has approximately 60% range of motion. 
Can take a few steps with assistive devices, but is not functionally ambulatory. 
Propels chair with forceful, continuous arm pushes, demonstrating excellent functional 
ability for wheelchair sports. Involvement of lower limbs only. Good strength in trunk 
and upper extremities. Has approximately 70% range of motion. Minimal control 
problems. 
5	  Ambulates without wheelchair but typically uses assistive devices (crutches, canes, 
walkers). Moderate to severe spasticity of either (a) arm and leg on same side 
(hemiplegia) or (b) both lower limbs (paraplegia). Has approximately 80% range of 
motion. 
6	  Ambulates without assistive devices, but has obvious balance and coordination difficulties. 
Has more control problems and less range of motion in upper extremities than Classes 4 
and 5. Moderate to severe involvement of three or four limbs, with approximately 70% 
range of motion in dominant arm. 
7	  Ambulates well, but with slight limp. Moderate to mild spasticity in (a) arm and leg on 
same side or (b) all four limbs with 90% of normal range of motion for quadriplegia and 
90% to 100% of normal range of motion for dominant arm for hemiplegia. 
8	  Runs and jumps freely without noticeable limp. Demonstrates good balance and 
symmetric form in performance, but has obvious (although minimal) coordination 
problems. Has normal range of motion. 
From United States Cerebral Palsy Athletic Association Classification and Sports Rules Manual (1988). 85 
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Body Segment Proportions of Total Body Mass
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Body segment proportion of total body mass (Jensen, 1989). 
, Segment  Bo  B1  13,  R- Error 
Head  .27881  -.21152E-1  .53168E-3  .76  .0094 
Trunk  .47620  11928E-1  .56964E-3  .14  .0284 
Arm  .02344  .69558E-3  .51  .0019 
Forearm  .01340  .31268E-3  .37  .0013 
Hand  .00880  .0013 
Percentage total body mass = Bo + (B1 *Age) + (B2*Age^2) 
Body segment center of mass location as a proportion of total segment length from the proximal end 
(Jensen, 1989). 
Segment  Bo  B1  B2  R2  Error 
Head  .5044  .0258 
Trunk  .50562  .64787E-2  -.24894E-3  .10  .0140 
Arm  .4418  .0237 
Forearm  .43223  -.92718E-3  .12  .0092 
Hand  .40850  .0209 
Center of mass location as percent from proximal end of segment = Bo + (Bi*Age) + (132 *Age^2) 87 
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Pilot Data for SMI Power System
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Table of pilot data for SMI Power system 
******Analysis of Variance -- design 1****** 
Tests of Significance for CAMERA using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  .37  18  .02 
SMIPWR  5.24  5.24  254.35  .000 1 
(Model)  5.24  1  5.24  254.35  .000 
(Total)  5.62  19  .30 
R-Squared =  .934 
Adjusted R-Squared = .930 
Dependent variable: CAMERA
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Observed Value 90 
Raw Data 
Speed determined by SMI Power  Speed determined by film analysis 
2.00  2.01 
2.00  1.85 
2.00  1.95 
2.00  2.00 
2.00  2.10 
2.00  2.13 
2.00  2.13 
2.00  1.83 
2.00  1.92 
2.00  2.01 
3.00 
3.00  3.28 
3.00  3.21 
3.00  2.82 
3.00  2.92 
3.00  2.99 
3.00  2.84 
3.00  2.87 
3.00  3.22 
3.00  3.09 91 
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Program used for Data Analysis of PT, RT, CT, PR, PP, HF/E, SF/E, SA/A, EF/E, WF/E and DOC
 
Variables.
 DIM rs(5)
 
DIM rr(5)
 
DIM Is(5)
 
DIM 1r(5)
 
DIM A(4), E(4), F(4), G(4), H(4), J(4), K(4), L(4)
 
DIM rywheel(5)
 
DIM rzwheel(5)
 
DIM lywheel(5)
 
DIM Izwheel(5)
 
tlfile$ = "c:/steve/diss/trial/"
 
atdfile$ = "c:/steve/diss/atd/"
 
whlaxle$ = "c:/steve/diss/whlaxle/"
 
anglefile$ = "c:/steve/diss/aad/"
 
rangeofm$ = "c:/steve/diss/rom/"
 
centermass$ = "c:/steve/diss/cm/"
 
CLS
 
INPUT "filename = " subject$
 
INPUT "wheelaxle filename =", wheelaxle$
 
FOR sp% = I TO 6
 
IF sp% = 1 THEN
 
seatpos$ = "1"
 
ELSEIF sp% = 2 THEN
 
seatpos$ = "2"
 
ELSEIF sp% = 3 THEN
 
seatpos$ = "3"
 
ELSEIF sp% = 4 THEN
 
seatpos$ = "4"
 
ELSEIF sp% = 5 THEN
 
seatpos$ = "5"
 
ELSE seatpos$ = "6"
 
END IF
 
FOR ts% = I TO 2
 
IF ts% = I THEN
 
trialsp$ = "1"
 
ELSE trialsp$ = "2"
 
END IF
 
filename$ = subject$ + seatpos$ + trialsp$ 
GOSUB intrial 
GOSUB array I 
GOSUB inatd 
GOSUB inwheelaxle 
GOSUB tempcalc 
GOSUB docalc 
GOSUB array2 
GOSUB romcalc 
GOSUB array3 
NEXT ts% 
NEXT sp% 
END 93 
intrial: 
OPEN tlfile$ + fflename$ + ".3tI" FOR INPUT AS #1 
INPUT #1, dum$, dum$, dum$, dum$, dum$, dum$ 
INPUT #1, dum$, Numberframes, dum$, dum$, dumS, dum$, dum$ 
INPUT #1, dum$, dumS, dum$, dum$, dum$, dumS, dum$ 
INPUT #1, dum$, dumS, dumS, dum$, dum$. dum$ 
INPUT #1, rs(I), rs(2), rs(3), rs(4), rs(5), dum$ 
INPUT #1, rr(1), rr(2), rr(3), rr(4), dum$ 
INPUT #1, Is(1), Is(2), Is(3), Is(4), Is(5), dum$ 
INPUT #1, Ir( I), Ir(2), 1r(3), 144) 
CLOSE #1 
RETURN 
array 1: 
REM SDYNAMIC 
i = 14 
DIM x(i, Numberframes) 
DIM Y(i, Numberframes) 
DIM Z(i, Numberframes) 
DIM R(i, Numberframes) 
RETURN 
array2: 
ERASE x, Y, Z, R 
REM $DYNAMIC
 
DIM B(10, Numberframes)
 
DIM C(10, Numberframes)
 
DIM D(10, Numberframes)
 
RETURN 
inwheelaxle: 
OPEN whlaxleS + wheelaxle$ + ".atd" FOR INPUT AS #1 
INPUT #1, dum$, rywheel, rzwheel, dumS, dum$, lywheel, Izwheel 
CLOSE #1 
RETURN 
tempcalc: 
OPEN tlfile$ + filename$ + ".tern" FOR OUTPUT AS #1 
FOR i = 1 TO 4
 
RP(i) = (rr(i) - rs(i)) * .0167
 
LP(i) = (KO - ls(i)) * .0167
 
RC(i) = (rs(i + 1) - rr(i)) * .0167
 
LC(i) = (ls(i + 1) - lr(i)) * .0167
 
RCT(i) = (rs(i + 1)  rs(i)) * .0167
 
LCT(i) = (ls(i + I) - Is(i)) * .0167
 
RPP(i) = RP(i) / RCT(i)
 
LPP(i) = LP(i) / LCT(i)
 94 
RRP(i) = RC(i) / RCT(i)
 
LRP(i) = LC(i) / LCT(i)
 
WRITE #1, RP(i), LP(i), RC(i), LC(i), RCT(i), LCT(i). RPP(i), LPP(i), RRP(i), LRP(i) 
NEXT i 
'Program writes a file delimited by commas in the following order 
'Time in propulsion R,L 
'Time in recovery R,L, Cycle time R.L, %Propulsion R,L 
'%Recovery R.L 
CLOSE #1 
RETURN 
inatd: 
OPEN atdfile$ + filename$ + ".atd" FOR INPUT AS #1
 
FOR F = 1 TO Numberframes
 
FOR p = 1 TO 14
 
INPUT #I, x(p, F), Y(p, F), Z(p, F), R(p, F)
 
NEXT p
 
NEXT F
 
CLOSE #1
 
RETURN
 
docalc: 
FOR i = 1 TO 4 
A(i) = SQR(((Y(5, rs(i)) - rywheel) A 2) + ((Z(5, rs(i)) - rzwheel) A 2)) 
E(i) = SQR(((Y(5, rr(i))  rywheel) A 2) + ((Z(5, rr(i)) - rzwheel) A 2)) 
F(i) = SQR(((Y(5, rs(i))  Y(5, rr(i))) A 2) + ((Z(5, rs(i)) - Z(5, rr(i))) A 2)) 
G(i) = ((F(i) A 2) - ((A(i)  A 2) + (E(i) A 2))) / ((-2 * A(i) * E(i))) 
H(i) = SQR(((Y(11, rs(i)) - rywheel) A 2) + ((Z(11, rs(i)) - rzwheel) A 2))
 
J(i) = SQR(((Y(I I, rr(i)) - rywheel) A 2) + ((Z(I 1, rr(i)) - rzwheel) A 2))
 
K(i) = SQR(((Y(11, rs(i)) - Y(11, rr(i))) A 2) + ((Z(11, rs(i)) - Z(11, rr(i))) A 2))
 
L(i) = ((K(i) A 2) - ((H(i) A 2) + (J(i)  A 2))) / ((-2 * H(i) * J(i)))
 
NEXT i 
OPEN atdfile$ + filename$ + ".DOC" FOR OUTPUT AS #2 
WRITE #2, G(1), L(1) 
WRITE #2, G(2), L(2) 
WRITE #2, G(3), L(3) 
WRITE #2, G(4), L(4) 
'writes a file containing DOC for right and left side in colums I and 2 respectively 
CLOSE #2 
RETURN 
romcalc: 
CLS 
OPEN anglefile$ + filename$ + ".aad" FOR INPUT AS #1 95 
FOR F = 1 TO Numberframes
 
FOR p = I TO 10
 
INPUT #1, B(p, F)
 
NEXT p
 
NEXT F
 
CLOSE #1 
FOR i = 1 TO 4
 
FOR F = rs(i) + 2 TO rs(i + 1)
 
FOR p = 1 TO 10
 
IF B(p, F  1) >= B(p, F) THEN
 
B(p, F) = B(p, F - 1)
 
END IF
 
NEXT p
 
NEXT F
 
NEXT i 
OPEN anglefile$ + filename$ + ".aad" FOR INPUT AS #1 
FOR F = 1 TO Numberframes
 
FOR p = 1 TO 10
 
INPUT #1, C(p, F)
 
NEXT p
 
NEXT F
 
CLOSE #1 
FOR i = 1 TO 4
 
FOR F = rs(i) + 2 TO rs(i + 1)
 
FOR p = I TO 10
 
IF C(p, F - 1) <= C(p, F) THEN
 
C(p, F) = C(p, F - I)
 
END IF
 
NEXT p
 
NEXT F
 
NEXT i 
FOR i = 2 TO 5 
FOR p = 1 TO 10 
D(p, rs(i)) = B(p, rs(i)) - C(p, rs(i)) 
NEXT p 
NEXT i 
OPEN rangeofm$ + filename$ + ".rom" FOR OUTPUT AS #1 
FOR i = 2 TO 5 
FOR p = 1 TO 10 
PRINT #1, D(p, rs(i)), 
NEXT p 
PRINT #1, dum 
NEXT i 
CLOSE #1 
RETURN 
array3: 96 
ERASE rs, rr, Is, Ir, A, rywheel, rzwheel 
ERASE lywheel, lzwheel, B, C, D 
RETURN 97 
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Program used for Data Analysis of HMX, HMY, HMZ, CMMX, CMMY, and CMMZ Variables.
 98 
DEFSNG A, E, X-Y
 
DIM cma(4, 450)
 
DIM cmi(4, 450)
 
DIM cmm(3, 450)
 
DIM h(4, 450)
 
DIM hd(4. 450)
 
DIM a(50)
 
DIM rs(5)
 
DIM rr(5)
 
DIM Is(5)
 
DIM Ir(5)
 
tlfile$ = "c:/steve/diss/trial/"
 
atdfile$ = "c:/steve/diss/atd/"
 
centermass$ = "c:/steve/diss/cm/"
 
rangeofm$ = "c:/steve/diss/rom/"
 
CLS 
INPUT "filename = ", subject$ 
FOR sp% = I TO 6 
IF sp% = I THEN 
seatpos$ = "I"
 
ELSEIF sp% = 2 THEN
 
seatpos$ = "2"
 
ELSEIF sp% = 3 THEN
 
seatpos$ = "3"
 
ELSEIF sp% = 4 THEN
 
seatpos$ = "4"
 
ELSEIF sp% = 5 THEN
 
seatpos$ = "5" 
ELSE seatpos$ = "6" 
END IF 
FOR ts% = I TO 2
 
IF ts% = 1 THEN
 
trialsp$ = "I" 
ELSE trialsp$ = "2" 
END IF 
filename$ = subject$ + seatpos$ + trialsp$ 
GOSUB intrial 
GOSUB cmasscalc 
GOSUB headmotion 
GOSUB array 
NEXT ts% 
NEXT sp% 
END 99 
intrial: 
OPEN tlfileS  filename$ + ".3tI" FOR INPUT AS #1 
INPUT #1, dum$, dumS, dum$, dum$, dum$, dum$ 
INPUT #1, dumS, Numberframes, dumS, dum$. dum$, dumS, dum$ 
INPUT #1. dum$, dum$, dum$, dum$, dum$, dum$. dumS 
INPUT 41, dum$, dumS, dum$, dum$, dum$, dum$ 
INPUT # I, rs(1), rs(2), rs(3), rs(4), rs(5), dumS 
INPUT #1, rr(1), rr(2), rr(3), rr(4), dum$ 
INPUT #1, Is(1), Is(2), Is(3), ls(4), Is(5), dum$ 
INPUT #1, Ir(1), 142), Ir(3), Ir(4) 
CLOSE #1 
RETURN 
cmasscalc: 
OPEN atdfile$ + filenameS + ".atd" FOR INPUT AS #1 
FOR f = 1 TO Numberframes
 
FOR p = I TO 48
 
INPUT #1, dum
 
NEXT p
 
FOR i = 1 TO 4
 
INPUT #1, h(i, f)
 
NEXT i
 
FORq= I T04
 
INPUT 41. cma(q,
 
NEXT q
 
NEXT f
 
CLOSE #1 
FOR i = 1 TO 4 
FOR f = rs(i) + 2 TO rs(i + 1) 
FORq= 1 T03 
IF cma(q, f - 1) >= cma(q, f) THEN
 
cma(q, f) = cma(q, f - 1)
 
END IF
 
NEXT q
 
NEXT f
 
NEXT i 
OPEN atdfile$ + filename$ + ".atd" FOR INPUT AS #1 
FOR f = 1 TO Numberframes 
FOR p = 1 TO 52
 
INPUT #1, dum
 
NEXT p
 
FORq= 1 TO 4
 
INPUT #1, cmi(q, 0
 
NEXT q
 
NEXT f
 
CLOSE #1
 100 
FOR i = 1 TO 4
 
FOR f = rs(i) + 2 TO rs(i + 1)
 
FOR q = 1 TO 3
 
IF cmi(q, f - 1) <= cmi(q, f) THEN
 
cmi(q,  = cmi(q, f - 1)
 
END IF
 
NEXT q
 
NEXT f
 
NEXT i 
FOR i = 2 TO 5
 
FOR q = 1 TO 3
 
cmm(q, rs(i)) = cma(q, rs(i)) - cmi(q, rs(i)) 
NEXT q 
NEXT i 
OPEN centermass$ + filename$ + ".cmm" FOR OUTPUT AS #1 
dum = 0 
FOR i = 2 TO 5 
FOR q = 1 TO 3 
PRINT #1, cmm(q, rs(i)), 
NEXT q 
PRINT #1, dum 
NEXT i 
CLOSE #1 
RETURN 
headmotion: 
FOR i = 1 TO 4
 
FOR f = rs(i) + 2 TO rs(i + 1)
 
FOR p = 1 TO 4
 
hd(p, f) = hd(p, f  1) + (ABS(h(p, f) - h(p, f - 1))) 
NEXT p
 
NEXT f
 
NEXT i
 
OPEN centermass$ + filename$ + ".hmt" FOR OUTPUT AS #1 
dum = 0 
FOR i = 2 TO 5 
FOR q = 1 TO 4 
PRINT #1, hd(q, rs(i)), 
NEXT q 
PRINT 41, dum 
NEXT i 
CLOSE #1 
RETURN 
array: 
ERASE cma, cmi, cmm, h, hd, a, rs, rr, Is, Jr 
RETURN 101 
Appendix I
 
ANOVA Tables for each Dependent Variable
 102 
CT ANOVA tables 
*****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
* *****Analysis of Variance--design 1****** 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  11.36  14  .81 
CONSTANT  167.48  167.48  206.32  .000 1 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .36370
 
Chi-square approx. =  12.23824 with 14 D. F.
 
Significance =  .587
 
Greenhouse-Geisser Epsilon =  .77611
 
Huynh-Feldt Epsilon =  1.00000
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  .68  70  .01
 
SEAT  .08  5  .02  1.55  .185
 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT  7.766  .512 103 
******Analysis of Variance--design  * * * 
1 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  .47  14  .03 
SPEED  .61  .61  18.29  .001 1 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SPEED  18.287  .978 
*****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .44184 
Chi-square approx. =  9.88338 with 14 D. F. 
Significance =  .771 
Greenhouse-Geisser Epsilon =  .74227 
Huynh-Feldt Epsilon =  1.00000 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  .25  70  .00 
SEAT BY SPEED  .01  5  .00  .33  .891 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  1.667  .130 104 
PR ANOVA tables 
*****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
I non-empty cell.
 
I design will be processed. 
******Analysis of Variance--design  * * * * * * 
Tests of Between-Subjects Effects. 
Tests of Significance for TI using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  4135.87  14  295.42
 
CONSTANT  544687.73  1 544687.73  1843.78  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .24164
 
Chi-square approx. =  17.18580 with 14 D. F.
 
Significance =  .246
 
Greenhouse-Geisser Epsilon =  .65216
 
Huynh-Feldt Epsilon =  .87366
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS. 1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  544.60  70  7.78 
SEAT  8.67  5  1.73  .22  .952 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT  1.114  .101 
******Analysis of Variance--design  * * * * * 
1 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  480.44  14  34.32 
SPEED  409.67  409.67  11.94  .004 1 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SPEED  11.938  .894 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .45448 
Chi-square approx. =  9.54198 with 14 D. F. 
Significance =  .795 
Greenhouse-Geisser Epsilon =  .78574 
Huynh-Feldt Epsilon =  1.00000 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE  sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  254.30  70  3.63 
SEAT BY SPEED  6.79  5  1.36  .37  .865 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  1.870  .141 107 
SF/E ANOVA tables 
* *****Analvsis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
non-empty cell. 
1 design will be processed. 
* *****Analysis of Variance--design 1****** 
Tests of Between-Subjects Effects. 
Tests of Significance for TI using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  27494.27  14  1963.88
 
CONSTANT  335393.31  1 335393.31  170.78  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .35494 
Chi-square approx. =  12.53331 with 14 D. F. 
Significance =  .564 
Greenhouse-Geisser Epsilon =  .73343
 
Huynh-Feldt Epsilon =  1.00000
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  1528.66  70  21.84
 
SEAT  160.51  5  32.10  1.47  .211
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  7.350  .487 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  561.45  14  40.10 
1 SPEED  1133.37  1133.37  28.26  .000 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SPEED  28.261  .999 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .23811
 
Chi-square approx. =  17.36376 with 14 D. F.
 
Significance =  .237
 
Greenhouse-Geisser Epsilon =  .68327
 
Huynh-Feldt Epsilon =  .93059
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RES1DUAL  759.22  70  10.85 
SEAT BY SPEED  160.26  5  32.05  2.96  .018 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  14.776  .828 110 
EF/E ANOVA tables 
* *****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out -of -range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
I design will be processed. 
* *****Analysis of Variance--design 1****** 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  21425.91  14  1530.42
 
CONSTANT  544349.87  1 544349.87  355.69  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .06939 
Chi-square approx. =  32.28216 with 14 D. F. 
Significance =  .004 
Greenhouse-Geisser Epsilon =  .46629 
Huynh-Feldt Epsilon =  .56514 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 * *****Analysis of Variance -- design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.I using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RES1DUAL  1664.24  70  23.77
 
SEAT  301.88  5  60.38  2.54  .036
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  12.697  .758 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  571.39  14  40.81
 
SPEED  3748.74  3748.74  91.85  .000
 1 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality Power
 
SPEED  91.850  1.000 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .17189
 
Chi-square approx. =  21.30711 with 14 D. F.
 
Significance =  .094
 
Greenhouse-Geisser Epsilon =  .62156
 
Huynh-Feldt Epsilon =  .81925
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 
* *****Analysis of Variance--design 1****** 112 
Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  1164.96  70  16.64 
SEAT BY SPEED  185.86  5  37.17  2.23  .060 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  11.168  .694 113 
DOC ANOVA tables 
* *****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
* *****Analysis of Variance--design l****** 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  23220.62  14  1658.62 
CONSTANT  275254.67  1 275254.67  165.95  .000 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
* *****Analysis of Variance--design  I * * * * ** 
Tests involving 'SEAT Within-Subject Effect. 
Mauchly sphericity test, W =  .24951 
Chi-square approx. =  16.79789 with 14 D. F. 
Significance =  .267 
Greenhouse-Geisser Epsilon =  .64236 
Huynh-Feldt Epsilon =  .85606 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust di. for the AVERAGED results.
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* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITH1N+RESIDUAL  1544.25  70  22.06
 
SEAT  173.27  5  34.65  1.57  .180
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  7.854  .518 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN +RESIDUAL  735.79  14  52.56 
1 SPEED  2132.21  2132.21  40.57  .000 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SPEED  40.570  1.000 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .28035
 
Chi-square approx. =  15.38766 with 14 D. F.
 
Significance =  .352
 
Greenhouse-Geisser Epsilon =  .69422
 
Huynh-Feldt Epsilon =  .95103
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 1 1 5 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.I using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  711.19  70  10.16 
SEAT BY SPEED  26.90  5  5.38  .53  .753 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  2.648  .186 116 
HMY ANOVA tables 
* *****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
* *****Analysis of Variance--design l****** 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  274302.54  14 19593.04
 
CONSTANT  913867.75  1 913867.75  46.64  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT Within-Subject Effect. 
Mauchly sphericity test, W =  .00640
 
Chi-square approx. =  61.12442 with 14 D. F.
 
Significance =  .000
 
Greenhouse-Geisser Epsilon =  .37614
 
Huynh-Feldt Epsilon =  .43254
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  95394.64  70  1362.78 
SEAT  6482.42  5  1296.48  .95  .454 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality Power 
SEAT  4.757  .320 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  2980.17  14  212.87 
SPEED  9015.31  9015.31  42.35  .000 1 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality Power 
SPEED  42.351  1.000 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .06350 
Chi-square approx. =  33.35558 with 14 D. F. 
Significance =  .003 
Greenhouse-Geisser Epsilon =  .53474
 
Huynh-Feldt Epsilon =  .67287
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design l****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.I using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  33057.85  70  472.25 
SEAT BY SPEED  688.03  5  137.61  .29  .916 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  1.457  .119 119 
HMZ ANOVA table 
******Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
I non-empty cell.
 
I design will be processed. 
******Analysis of Variance--design  * * * * * * 
1 
Tests of Between-Subjects Effects. 
Tests of Significance for Ti using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  78300.92  14 5592.92
 
CONSTANT  913867.86  1 913867.86  163.40  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .22527
 
Chi-square approx. =  18.03429 with 14 D. F.
 
Significance =  .205
 
Greenhouse-Geisser Epsilon =  .68149
 
Huynh-Feldt Epsilon =  .92730
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  30456.75  70  435.10 
SEAT  3453.29  5  690.66  1.59  .175 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT  7.937  .523 
******Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  5981.62  14  427.26 
SPEED  5675.57  5675.57  13.28  .003 1 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SPEED  13.284  .922 
* * * * * * ******Analysis of Variance--design 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .46554
 
Chi-square approx. =  9.25103 with 14 D. F.
 
Significance =  .815
 
Greenhouse-Geisser Epsilon =  .80898
 
Huynh-Feldt Epsilon =  1.00000
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  17789.85  70  254.14 
SEAT BY SPEED  982.86  5  196.57  .77  .572 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  3.867  .262 CMMY ANOVA tables 
******Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
******Analysis of Variance--design  * * * * * * 
1 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN +RESIDUAL  1336.52  14  95.47
 
CONSTANT  29381.30  1 29381.30  307.77  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality Power
 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .36016
 
Chi-square approx. =  12.35651 with 14 D. F.
 
Significance =  .578
 
Greenhouse-Geisser Epsilon =  .66014
 
Huynh-Feldt Epsilon =  .88810
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  631.15  70  9.02
 
SEAT  285.40  5  57.08  6.33  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  31.654  .995 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  145.01  14  10.36
 
SPEED  142.26  142.26  13.73  .002
 1 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality Power
 
SPEED  13.735  .930 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .10831
 
Chi-square approx. =  26.89537 with 14 D. F.
 
Significance =  .020
 
Greenhouse-Geisser Epsilon =  .53722
 
Huynh-Feldt Epsilon =  .67690
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
 124 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  526.15  70  7.52 
SEAT BY SPEED  18.58  5  3.72  .49  .779 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  2.472  .176 CMMZ ANOVA tables 
******Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
******Analysis of Variance--design  * * * * * * 
1 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  20194.86  14  1442.49
 
CONSTANT  152208.92  1 152208.92  105.52  .000
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .16905
 
Chi-square approx. =  21.50872 with 14 D. F.
 
Significance =  .089
 
Greenhouse-Geisser Epsilon =  .58632
 
Huynh-Feldt Epsilon =  .75845
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  2113.68  70  30.20
 
SEAT  32.76  5  6.55  .22  .954
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  1.085  .099 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  1108.04  14  79.15
 
SPEED  1768.71  1768.71  22.35  .000
 1 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SPEED  22.347  .992 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .26682 
Chi-square approx. =  15.98640 with 14 D. F. 
Significance =  .314 
Greenhouse-Geisser Epsilon =  .60707 
Huynh-Feldt Epsilon =  .79401 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design l****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN±RESIDUAL  1053.89  70  15.06 
SEAT BY SPEED  122.54  5  24.51  1.63  .164 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  8.139  .535 128 
HF/E ANOVA tables 
******Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
******Analysis of Variance--design  1 * * * * * * 
Tests of Between-Subjects Effects. 
Tests of Significance for T1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  1153.88  14  82.42 
CONSTANT  6204.48  1  6204.48  75.28  .000 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality Power 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .47311 
Chi-square approx. =  9.05586 with 14 D. F. 
Significance =  .827 
Greenhouse-Geisser Epsilon =  .78274 
Huynh-Feldt Epsilon =  1.00000 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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* *****Analysis of Variance  design 1****** 
Tests involving 'SEAT Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.' using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITH1N+RESIDUAL  92.19  70  1.32 
SEAT  1.06  5  .21  .16  .976 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT  .803  .086 
* *****Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  48.60  14  3.47 
1 SPEED  81.18  81.18  23.38  .000 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SPEED  23.384  .994 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .22766 
Chi-square approx. =  17.90679 with 14 D. F. 
Significance =  .211 
Greenhouse-Geisser Epsilon =  .67912
 
Huynh-Feldt Epsilon =  .92290
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  52.49  70  .75 
SEAT BY SPEED  8.31  5  1.66  2.22  .062 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  11.079  .690 131 
SA/A ANOVA tables 
* *****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
* *****Analysis of Variance--design 1****** 
Tests of Between-Subjects Effects. 
Tests of Significance for Ti using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  24512.35  14  1750.88 
CONSTANT  95334.21  1  95334.21  54.45  .000 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality Power 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .32273
 
Chi-square approx. =  13.68450 with 14 D. F.
 
Significance =  .473
 
Greenhouse-Geisser Epsilon =  .68006
 
Huynh-Feldt Epsilon =  .92464
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS. I using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHINRESIDUAL  1539.87  70  22.00
 
SEAT  233.12  5  46.62  2.12  .073
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  10.597  .667 
******Analysis of Variance--design 1****** 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  456.18  14  32.58 
1 SPEED  765.93  765.93  23.51  .000 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SPEED  23.506  .994 
******Analysis of Variance--design  * * * * * * 
1 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .10907 
Chi-square approx. =  26.81090 with 14 D. F. 
Significance =  .020 
Greenhouse-Geisser Epsilon =  .54314 
Huynh-Feldt Epsilon =  .68653 
Lower-bound Epsilon =  .20000 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect.
 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  904.73  70  12.92 
SEAT BY SPEED  28.09  5  5.62  .43  .823 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  2.173  .158 134 
WF/E ANOVA tables 
* *****Analysis of Variance****** 
15 cases accepted.
 
0 cases rejected because of out-of-range factor values.
 
0 cases rejected because of missing data.
 
1 non-empty cell.
 
1 design will be processed. 
* *****Analysis of Variance--design l****** 
Tests of Between-Subjects Effects. 
Tests of Significance for TI using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  4346.56  14  310.47 
CONSTANT  53153.16  1  53153.16  171.20  .000 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
* *****Analysis of Variance--design 1****** 
Tests involving 'SEAT' Within-Subject Effect. 
Mauchly sphericity test, W =  .07784
 
Chi-square approx. =  30.89185 with 14 D. F.
 
Significance =  .006
 
Greenhouse-Geisser Epsilon =  .59044
 
Huynh-Feldt Epsilon =  .76546
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design  * * * * * * 
1 
Tests involving 'SEAT' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  532.99  70  7.61
 
SEAT  73.39  5  14.68  1.93  .101
 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality  Power
 
SEAT  9.639  .619 
******Analysis of Variance--design  * * * * * * 
Tests involving 'SPEED' Within-Subject Effect. 
Tests of Significance for T7 using UNIQUE sums of squares
 
Source of Variation  SS  DF  MS  F Sig of F
 
WITHIN+RESIDUAL  178.57  14  12.75
 
SPEED  547.10  547.10  42.89  .000
 1 
Observed Power at the .0500 Level
 
Noncen-

Source of Variation  trality Power
 
SPEED  42.893  1.000 
******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
Mauchly sphericity test, W =  .29901
 
Chi-square approx. =  14.60793 with 14 D. F.
 
Significance =  .405
 
Greenhouse-Geisser Epsilon =  .70079
 
Huynh-Feldt Epsilon =  .96340
 
Lower-bound Epsilon =  .20000
 
AVERAGED Tests of Significance that follow multivariate tests are equivalent to
 
univariate or split-plot or mixed-model approach to repeated measures.
 
Epsilons may be used to adjust d.f. for the AVERAGED results.
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******Analysis of Variance--design 1****** 
Tests involving 'SEAT BY SPEED' Within-Subject Effect. 
AVERAGED Tests of Significance for MEAS.1 using UNIQUE sums of squares 
Source of Variation  SS  DF  MS  F Sig of F 
WITHIN+RESIDUAL  236.89  70  3.38
 
SEAT BY SPEED  38.80  5  7.76  2.29  .055
 
Observed Power at the .0500 Level 
Noncen-
Source of Variation  trality  Power 
SEAT BY SPEED  11.466  .707 137 
Appendix J
 
Raw Data Tables.
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Subject  Seat  Speed  TP  S. D.  TR  S. D.  CT  S. D. 
Position 
1  0/0  2  0.42  0.05  0.42  0.05  0.84  0.07 
1  0/0  3  0.36  0.06  0.49  0.06  0.85  0.08 
1  0/3  2  0.45  0.05  0.50  0.07  0.95  0.11 
1  0/3  3  0.41  0.03  0.49  0.05  0.90  0.04 
1  0/-5  2  0.41  0.04  0.45  0.05  0.87  0.06 
1  0/-5  3  0.40  0.05  0.43  0.07  0.83  0.06 
1  5/3  2  0.47  0.06  0.46  0.04  0.93  0.05 
1  5/3  3  0.41  0.05  0.47  0.05  0.88  0.06 
1  5/0  2  0.43  0.04  0.42  0.05  0.85  0.05 
1  5/0  3  0.37  0.05  0.42  0.03  0.79  0.06 
1  5/-5  2  0.40  0.07  0.44  0.05  0.84  0.03 
1  5/-5  3  0.36  0.03  0.43  0.03  0.79  0.03 
2  0/0  2  0.46  0.05  0.44  0.05  0.91  0.05 
2  0/0  3  0.39  0.04  0.44  0.05  0.82  0.02 
2  0/3  2  0.51  0.08  0.50  0.05  1.01  0.05 
2  0/3  3  0.38  0.04  0.47  0.06  0.84  0.08 
2  0/-5  2  0.49  0.03  0.40  0.03  0.90  0.03 
2  0/-5  3  0.36  0.03  0.39  0.04  0.75  0.03 
2  5/3  2  0.46  0.04  0.43  0.05  0.89  0.07 
2  5/3  3  0.40  0.03  0.37  0.04  0.77  0.03 
2  5/0  2  0.46  0.05  0.39  0.05  0.85  0.07 
2  5/0  3  0.38  0.02  0.36  0.02  0.74  0.03 
2  5/-5  2  0.49  0.08  0.43  0.03  0.92  0.07 
2  5/-5  3  0.38  0.03  0.41  0.04  0.79  0.07 
3  0/0  2  0.37  0.11  0.77  0.11  1.15  0.09 
3  0/0  3  0.30  0.06  0.38  0.10  0.68  0.08 
3  0/3  2  0.33  0.10  0.56  0.13  0.89  0.09 
3  0/3  3  0.29  0.10  0.37  0.09  0.66  0.03 
3  0/-5  2  0.33  0.07  0.73  0.07  1.06  0.04 
3  0/-5  3  0.27  0.07  0.41  0.08  0.68  0.05 
3  5/3  2  0.35  0.12  0.60  0.19  0.96  0.18 
3  5/3  3  0.27  0.07  0.37  0.07  0.65  0.03 
3  5/0  2  0.32  0.06  0.55  0.08  0.87  0.11 
3  5/0  3  0.27  0.12  0.38  0.14  0.65  0.09 
3  5/-5  2  0.34  0.12  0.71  0.13  1.05  0.06 
3  5/-5  3  0.28  0.07  0.44  0.08  0.72  0.03 
4  0/0  2  0.35  0.08  0.53  0.08  0.88  0.06 
4  0/0  3  0.37  0.09  0.68  0.29  1.05  0.24 
4  0/3  2  0.47  0.07  0.52  0.08  0.99  0.11 
4  0/3  3  0.38  0.08  0.56  0.08  0.94  0.11 
4  0/-5  2  0.46  0.09  0.58  0.15  1.04  0.18 
4  0/-5  3  0.35  0.12  0.56  0.10  0.91  0.15 
4  5/3  2  0.37  0.16  0.51  0.12  0.88  0.10 
4  5/3  3  0.37  0.07  0.63  0.19  1.00  0.20 
4  5/0  2  0.45  0.13  0.52  0.09  0.97  0.17 
4  5/0  3  0.36  0.10  0.56  0.14  0.92  0.12 
4  5/-5  2  0.42  0.10  0.54  0.14  0.96  0.18 
4  5/-5  3  0.43  0.09  0.62  0.14  1.05  0.09 139 
Subject  Seat  Speed  TP  S. D.  TR  S. D.  CT  S. D. 
Position 
5  0/0  2  0.43  0.05  0.46  0.05  0.88  0.06 
5  0/0  3  0.35  0.04  0.40  0.03  0.75  0.06 
5  0/3  2  0.42  0.04  0.43  0.05  0.84  0.06 
5  0/3  3  0.34  0.04  0.37  0.06  0.70  0.06 
5  0/-5  2  0.42  0.08  0.49  0.08  0.91  0.12 
5  0/-5  3  0.35  0.07  0.38  0.05  0.73  0.05 
5  5/3  2  0.41  0.07  0.42  0.06  0.83  0.06 
5  5/3  3  0.32  0.03  0.41  0.03  0.73  0.06 
5  5/0  2  0.51  0.10  0.56  0.12  1.07  0.15 
5  5/0  3  0.38  0.03  0.37  0.03  0.75  0.04 
5  5/-5  2  0.40  0.03  0.40  0.06  0.80  0.07 
5  5/-5  3  0.30  0.06  0.41  0.04  0.71  0.08 
6  0/0  2  0.44  0.06  0.42  0.11  0.86  0.12 
6  0/0  3  0.39  0.09  0.42  0.09  0.81  0.09 
6  0/3  2  0.38  0.04  0.39  0.03  0.76  0.05 
6  0/3  3  0.33  0.06  0.40  0.05  0.74  0.05 
6  0/-5  2  0.48  0.17  0.63  0.14  1.11  0.07 
6  0/-5  3  0.37  0.10  0.43  0.17  0.79  0.16 
6  5/3  2  0.40  0.05  0.47  0.08  0.88  0.08 
6  5/3  3  0.34  0.05  0.44  0.06  0.78  0.04 
6  5/0  2  0.34  0.07  0.46  0.06  0.80  0.07 
6  5/0  3  0.28  0.05  0.33  0.05  0.61  0.08 
6  5/-5  2  0.32  0.04  0.34  0.06  0.65  0.06 
6  5/-5  3  0.28  0.04  0.31  0.05  0.59  0.03 
7  0/0  2  0.73  0.12  0.54  0.10  1.27  0.15 
7  0/0  3  0.56  0.05  0.51  0.05  1.07  0.03 
7  0/3  2  0.72  0.05  0.59  0.08  1.31  0.10 
7  0/3  3  0.58  0.06  0.60  0.12  1.18  0.10 
7  0/-5  2  0.59  0.10  0.55  0.11  1.14  0.12 
7  0/-5  3  0.53  0.06  0.58  0.15  1.10  0.12 
7  5/3  2  0.65  0.07  0.57  0.07  1.21  0.10 
7  5/3  3  0.54  0.06  0.60  0.11  1.15  0.13 
7  5/0  2  0.67  0.05  0.61  0.12  1.28  0.10 
7  5/0  3  0.54  0.06  0.60  0.11  1.14  0.11 
7  5/-5  2  0.60  0.06  0.56  0.12  1.16  0.16 
7  5/-5  3  0.57  0.05  0.62  0.18  1.18  0.16 
8  0/0  2  0.47  0.14  0.44  0.14  0.90  0.06 
8  0/0  3  0.36  0.09  0.39  0.10  0.75  0.14 
8  0/3  2  0.51  0.15  0.42  0.16  0.93  0.14 
8  0/3  3  0.34  0.09  0.32  0.09  0.66  0.05 
8  0/-5  2  0.43  0.10  0.43  0.10  0.85  0.04 
8  0/-5  3  0.34  0.05  0.31  0.07  0.66  0.06 
8  5/3  2  0.44  0.13  0.48  0.15  0.92  0.08 
8  5/3  3  0.37  0.09  0.33  0.07  0.70  0.07 
8  5/0  2  0.40  0.16  0.42  0.16  0.82  0.04 
8  5/0  3  0.31  0.06  0.35  0.08  0.66  0.07 
8  5/-5  2  0.43  0.10  0.38  0.09  0.81  0.08 
8  5/-5  3  0.36  0.08  0.34  0.07  0.70  0.04 140 
Subject  Seat  Speed  TP  S. D.  TR  S. D.  CT  S. D. 
Position 
9  0/0  2  0.33  0.07  0.36  0.07  0.69  0.06 
9  0/0  3  0.24  0.06  0.30  0.03  0.54  0.06 
9  0/3  2  0.34  0.05  0.33  0.05  0.67  0.06 
9  0/3  3  0.24  0.02  0.31  0.05  0.55  0.06 
9  0/-5  2  0.37  0.05  0.37  0.05  0.74  0.06 
9  0/-5  3  0.29  0.04  0.39  0.05  0.68  0.05 
9  5/3  2  0.32  0.06  0.34  0.05  0.65  0.09 
9  5/3  3  0.24  0.07  0.29  0.04  0.52  0.09 
9  5/0  2  0.35  0.05  0.37  0.06  0.73  0.05 
9  5/0  3  0.22  0.07  0.30  0.06  0.51  0.08 
9  5/-5  2  0.36  0.06  0.38  0.04  0.75  0.06 
9  5/-5  3  0.26  0.03  0.35  0.03  0.61  0.05 
10  0/0  2  0.42  0.11  0.58  0.13  1.00  0.08 
10  0/0  3  0.37  0.08  0.52  0.08  0.89  0.09 
10  0/3  2  0.32  0.06  0.42  0.08  0.75  0.11 
10  0/3  3  0.34  0.08  0.44  0.10  0.78  0.05 
10  0/-5  2  0.40  0.04  0.50  0.13  0.91  0.11 
10  0/-5  3  0.37  0.04  0.57  0.07  0.94  0.08 
10  5/3  2  0.36  0.07  0.58  0.11  0.94  0.13 
10  5/3  3  0.32  0.06  0.68  0.04  1.00  0.07 
10  5/0  2  0.43  0.06  0.62  0.16  1.05  0.15 
10  5/0  3  0.39  0.08  0.65  0.09  1.04  0.11 
10  5/-5  2  0.43  0.08  0.53  0.09  0.96  0.11 
10  5/-5  3  0.36  0.06  0.56  0.06  0.92  0.07 
11  0/0  2  0.28  0.06  0.27  0.05  0.55  0.05 
11  0/0  3  0.23  0.05  0.27  0.05  0.49  0.03 
11  0/3  2  0.27  0.09  0.28  0.08  0.55  0.04 
11  0/3  3  0.18  0.08  0.29  0.06  0.47  0.10 
11  0/-5  2  0.29  0.04  0.32  0.06  0.61  0.03 
11  0/-5  3  0.24  0.02  0.38  0.07  0.62  0.08 
11  5/3  2  0.30  0.03  0.34  0.05  0.64  0.03 
11  5/3  3  0.30  0.05  0.54  0.04  0.84  0.04 
11  5/0  2  0.30  0.04  0.33  0.05  0.63  0.05 
11  5/0  3  0.25  0.05  0.37  0.05  0.62  0.06 
11  5/-5  2  0.29  0.05  0.28  0.03  0.57  0.04 
11  5/-5  3  0.27  0.07  0.31  0.08  0.57  0.06 
12  0/0  2  0.79  0.13  0.79  0.12  1.58  0.07 
12  0/0  3  0.61  0.08  0.67  0.13  1.28  0.09 
12  0/3  2  0.81  0.12  0.77  0.10  1.58  0.12 
12  0/3  3  0.62  0.10  0.71  0.15  1.33  0.13 
12  0/-5  2  0.84  0.06  0.80  0.04  1.64  0.07 
12  0/-5  3  0.65  0.09  0.66  0.12  1.31  0.08 
12  5/3  2  0.89  0.09  0.78  0.12  1.67  0.14 
12  5/3  3  0.65  0.13  0.71  0.10  1.35  0.11 
12  5/0  2  0.84  0.12  0.79  0.11  1.62  0.13 
12  5/0  3  0.59  0.12  0.68  0.11  1.27  0.11 
12  5/-5  2  0.86  0.05  0.82  0.13  1.67  0.11 
12  5/-5  3  0.59  0.07  0.66  0.09  1.25  0.10 141 
Subject  Seat  Speed  TP  S. D.  TR  S. D.  CT  S. D. 
Position 
13  0/0  2  0.46  0.06  0.89  0.08  1.34  0.08 
13  0/0  3  0.43  0.10  0.86  0.08  1.29  0.05 
13  0/3  2  0.38  0.09  0.83  0.07  1.20  0.08 
13  0/3  3  0.37  0.09  0.84  0.08  1.21  0.05 
13  0/-5  2  0.50  0.12  0.83  0.12  1.34  0.08 
13  0/-5  3  0.42  0.07  0.94  0.11  1.35  0.09 
13  5/3  2  0.69  0.27  1.08  0.27  1.76  0.22 
13  5/3  3  0.50  0.06  0.94  0.09  1.44  0.07 
13  5/0  2  0.48  0.05  0.78  0.06  1.26  0.05 
13  5/0  3  0.44  0.04  0.82  0.04  1.26  0.06 
13  5/-5  2  0.48  0.06  0.89  0.05  1.37  0.05 
13  5/-5  3  0.43  0.05  0.92  0.09  1.35  0.05 
14  0/0  2  0.61  0.14  0.69  0.13  1.30  0.16 
14  0/0  3  0.41  0.05  0.67  0.05  1.08  0.07 
14  0/3  2  0.50  0.06  0.69  0.19  1.20  0.14 
14  0/3  3  0.44  0.04  0.63  0.07  1.07  0.07 
14  0/-5  2  0.52  0.10  0.71  0.18  1.23  0.17 
14  0/-5  3  0.42  0.07  0.67  0.14  1.09  0.18 
14  5/3  2  0.63  0.11  0.73  0.03  1.36  0.13 
14  5/3  3  0.50  0.07  0.63  0.06  1.14  0.11 
14  5/0  2  0.59  0.10  0.75  0.09  1.34  0.14 
14  5/0  3  0.49  0.05  0.87  0.30  1.36  0.30 
14  5/-5  2  0.48  0.09  0.63  0.08  1.12  0.11 
14  5/-5  3  0.38  0.06  0.63  0.07  1.01  0.10 
15  0/0  2  0.55  0.06  0.68  0.10  1.23  0.09 
15  0/0  3  0.54  0.09  0.69  0.06  1.23  0.08 
15  0/3  2  0.57  0.07  0.70  0.10  1.27  0.07 
15  0/3  3  0.49  0.07  0.67  0.06  1.16  0.06 
15  0/-5  2  0.62  0.09  0.69  0.07  1.31  0.11 
15  0/-5  3  0.58  0.10  0.71  0.13  1.28  0.09 
15  5/3  2  0.57  0.06  0.67  0.12  1.23  0.12 
15  5/3  3  0.52  0.10  0.70  0.09  1.22  0.15 
15  5/0  2  0.63  0.08  0.74  0.10  1.37  0.08 
15  5/0  3  0.49  0.06  0.68  0.13  1.17  0.13 
15  5/-5  2  0.57  0.06  0.69  0.10  1.26  0.08 
15  5/-5  3  0.49  0.07  0.65  0.06  1.14  0.06 142 
Subject  Seat  Speed  PP  S. D.  PR  S. D.  DOC  S. D. 
Position 
1  0/0  2  0.50  0.05  0.50  0.05  36.56  2.83 
1  0/0  3  0.43  0.05  0.57  0.05  46.64  3.07 
1  0/3  2  0.47  0.03  0.53  0.03  43.96  2.40 
1  0/3  3  0.45  0.04  0.55  0.04  51.63  3.09 
1  0/-5  2  0.48  0.04  0.52  0.04  38.99  2.61 
1  0/-5  3  0.48  0.07  0.52  0.07  49.51  4.43 
1  5/3  2  0.51  0.05  0.49  0.05  42.86  1.65 
1  5/3  3  0.46  0.04  0.54  0.04  47.92  1.97 
1  5/0  2  0.51  0.04  0.49  0.04  44.10  1.71 
1  5/0  3  0.46  0.03  0.54  0.03  52.15  2.54 
1  5 / -S  2  0.47  0.07  0.53  0.07  39.85  1.96 
1  5/-5  3  0.45  0.03  0.55  0.03  48.53  1.76 
2  0/0  2  0.51  0.05  0.49  0.05  44.22  2.47 
2  0/0  3  0.47  0.05  0.53  0.05  59.87  2.91 
2  0/3  2  0.51  0.06  0.49  0.06  43.62  3.33 
2  0/3  3  0.45  0.03  0.55  0.03  54.07  2.96 
2  0/-5  2  0.55  0.03  0.45  0.03  42.97  3.24 
2  0/-5  3  0.48  0.04  0.52  0.04  56.07  2.29 
2  5/3  2  0.52  0.04  0.48  0.04  44.01  2.19 
2  5/3  3  0.52  0.04  0.48  0.04  58.20  3.02 
2  5/0  2  0.55  0.05  0.45  0.05  43.39  0.95 
2  5/0  3  0.51  0.03  0.49  0.03  51.35  1.86 
2  5/-5  2  0.53  0.05  0.47  0.05  47.89  2.83 
2  5 / -S  3  0.48  0.02  0.52  0.02  54.73  3.21 
3  0/0  2  0.33  0.09  0.67  0.09  24.72  4.40 
3  0/0  3  0.44  0.10  0.56  0.10  31.64  8.47 
3  0/3  2  0.38  0.11  0.62  0.11  24.66  5.46 
3  0/3  3  0.44  0.15  0.56  0.15  32.85  8.69 
3  0/-5  2  0.31  0.07  0.69  0.07  23.17  3.73 
3  0/-5  3  0.40  0.11  0.60  0.11  30.06  9.19 
3  5/3  2  0.37  0.12  0.63  0.12  22.79  4.07 
3  5/3  3  0.42  0.11  0.58  0.11  34.89  8.97 
3  5/0  2  0.37  0.06  0.63  0.06  21.23  5.82 
3  5/0  3  0.41  0.19  0.59  0.19  30.48  9.14 
3  5/-5  2  0.33  0.11  0.67  0.11  24.36  4.43 
3  5/-5  3  0.39  0.10  0.61  0.10  34.60  10.94 
4  0/0  2  0.40  0.08  0.60  0.08  17.46  3.34 
4  0/0  3  0.36  0.14  0.64  0.14  24.72  2.06 
4  0/3  2  0.47  0.06  0.53  0.06  19.88  6.66 
4  0/3  3  0.40  0.07  0.60  0.07  28.12  5.64 
4  0/-5  2  0.45  0.07  0.55  0.07  19.99  4.41 
4  0/-5  3  0.38  0.11  0.62  0.11  20.26  7.25 
4  5/3  2  0.42  0.17  0.58  0.17  14.21  7.56 
4  5/3  3  0.37  0.09  0.63  0.09  23.20  3.73 
4  5/0  2  0.46  0.08  0.54  0.08  21.18  1.65 
4  5/0  3  0.39  0.10  0.61  0.10  19.63  4.71 
4  5/-5  2  0.44  0.09  0.56  0.09  19.79  4.23 
4  5/-5  3  0.41  0.10  0.59  0.10  29.03  8.02 143 
Subject  Seat  Speed  PP  S. D.  PR  S. D.  DOC  S. D. 
Position 
5  0/0  2  0.48  0.05  0.52  0.05  34.10  3.32 
5  0/0  3  0.46  0.03  0.54  0.03  38.49  3.33 
5  0/3  2  0.49  0.04  0.51  0.04  27.72  2.64 
5  0/3  3  0.48  0.06  0.52  0.06  36.83  2.35 
5  0/-5  2  0.46  0.07  0.54  0.07  30.00  5.59 
5  0/-5  3  0.48  0.07  0.52  0.07  40.68  2.98 
5  5/3  2  0.49  0.07  0.51  0.07  31.25  3.36 
5  5/3  3  0.44  0.01  0.56  0.01  42.80  1.33 
5  5/0  2  0.48  0.07  0.52  0.07  35.54  3.14 
5  5/0  3  0.51  0.03  0.49  0.03  41.70  2.68 
5  5/-5  2  0.50  0.05  0.50  0.05  32.11  3.28 
5  5/-5  3  0.42  0.05  0.58  0.05  37.89  1.95 
6  0/0  2  0.51  0.07  0.49  0.07  31.18  5.30 
6  0/0  3  0.48  0.09  0.52  0.09  36.88  6.87 
6  0/3  2  0.49  0.04  0.51  0.04  25.86  2.78 
6  0/3  3  0.45  0.07  0.55  0.07  41.92  5.20 
6  0/-5  2  0.43  0.14  0.57  0.14  29.81  5.50 
6  0/-5  3  0.47  0.13  0.53  0.13  41.63  7.86 
6  5/3  2  0.46  0.06  0.54  0.06  33.05  2.71 
6  5/3  3  0.44  0.06  0.56  0.06  39.27  6.21 
6  5/0  2  0.42  0.07  0.58  0.07  26.50  2.69 
6  5/0  3  0.46  0.06  0.54  0.06  31.36  2.21 
6  5/-5  2  0.48  0.06  0.52  0.06  23.96  2.58 
6  5/-5  3  0.47  0.06  0.53  0.06  33.99  3.97 
7  0/0  2  0.57  0.07  0.43  0.07  50.07  8.09 
7  0/0  3  0.53  0.05  0.47  0.05  58.22  4.44 
7  0/3  2  0.55  0.04  0.45  0.04  55.18  2.53 
7  0/3  3  0.49  0.07  0.51  0.07  59.38  3.86 
7  0/-5  2  0.52  0.07  0.48  0.07  44.05  5.74 
7  0/-5  3  0.48  0.08  0.52  0.08  58.47  3.17 
7  5/3  2  0.53  0.04  0.47  0.04  50.75  4.70 
7  5/3  3  0.48  0.05  0.52  0.05  57.26  5.86 
7  5/0  2  0.52  0.06  0.48  0.06  51.95  4.23 
7  5/0  3  0.47  0.06  0.53  0.06  63.95  4.06 
7  5/-5  2  0.52  0.05  0.48  0.05  46.85  2.37 
7  5/-5  3  0.48  0.08  0.52  0.08  54.79  7.13 
8  0/0  2  0.52  0.15  0.48  0.15  24.58  5.65 
8  0/0  3  0.48  0.08  0.52  0.08  28.18  5.44 
8  0/3  2  0.55  0.15  0.45  0.15  25.85  4.22 
8  0/3  3  0.52  0.13  0.48  0.13  23.54  6.55 
8  0/-5  2  0.50  0.11  0.50  0.11  26.03  3.53 
8  0/-5  3  0.52  0.08  0.48  0.08  25.31  3.10 
8  5/3  2  0.48  0.15  0.52  0.15  21.81  3.52 
8  5/3  3  0.53  0.10  0.47  0.10  25.27  3.47 
8  5/0  2  0.49  0.19  0.51  0.19  25.61  2.55 
8  5/0  3  0.47  0.09  0.53  0.09  26.41  4.87 
8  5/-5  2  0.53  0.10  0.47  0.10  28.97  5.02 
8  5/-5  3  0.51  0.11  0.49  0.11  26.91  3.83 144 
Subject  Seat  Speed  PP  S. D.  PR  S. D.  DOC  S. D. 
Position 
9  0/0  2  0.48  0.09  0.52  0.09  29.26  3.46 
9  0/0  3  0.45  0.07  0.55  0.07  31.38  4.52 
9  0/3  2  0.51  0.05  0.49  0.05  27.25  2.60 
9  0/3  3  0.43  0.03  0.57  0.03  28.36  2.26 
9  0/-5  2  0.50  0.05  0.50  0.05  29.41  3.76 
9  0/-5  3  0.43  0.06  0.57  0.06  30.69  3.15 
9  5/3  2  0.48  0.06  0.52  0.06  23.34  1.83 
9  5/3  3  0.45  0.09  0.55  0.09  25.10  6.74 
9  5/0  2  0.49  0.06  0.51  0.06  28.97  2.18 
9  5/0  3  0.42  0.09  0.58  0.09  21.16  2.68 
9  5/-5  2  0.49  0.05  0.51  0.05  29.55  2.45 
9  5/-5  3  0.43  0.04  0.57  0.04  30.79  3.10 
10  0/0  2  0.42  0.11  0.58  0.11  32.63  6.75 
10  0/0  3  0.41  0.08  0.59  0.08  43.50  6.84 
10  0/3  2  0.43  0.06  0.57  0.06  33.56  4.86 
10  0/3  3  0.44  0.11  0.56  0.11  40.29  3.88 
10  0/-5  2  0.45  0.08  0.55  0.08  45.04  2.96 
10  0/-5  3  0.40  0.03  0.60  0.03  56.34  4.69 
10  5/3  2  0.38  0.07  0.62  0.07  32.04  6.79 
10  5/3  3  0.32  0.04  0.68  0.04  51.09  8.53 
10  5/0  2  0.41  0.08  0.59  0.08  39.44  6.58 
10  5/0  3  0.38  0.06  0.62  0.06  54.68  6.66 
10  5/-5  2  0.44  0.07  0.56  0.07  37.61  3.48 
10  5/-5  3  0.39  0.05  0.61  0.05  45.51  3.87 
11  0/0  2  0.50  0.08  0.50  0.08  19.83  2.09 
11  0/0  3  0.46  0.09  0.54  0.09  24.99  2.08 
11  0/3  2  0.49  0.14  0.51  0.14  18.47  3.26 
11  0/3  3  0.38  0.12  0.62  0.12  18.15  6.46 
11  0/-5  2  0.48  0.08  0.52  0.08  22.00  3.84 
11  0/-5  3  0.39  0.04  0.61  0.04  23.07  2.17 
11  5/3  2  0.47  0.05  0.53  0.05  24.95  3.28 
11  5/3  3  0.36  0.05  0.64  0.05  38.41  3.71 
11  5/0  2  0.48  0.07  0.52  0.07  22.09  2.77 
11  5/0  3  0.40  0.06  0.60  0.06  25.66  3.90 
11  5/-5  2  0.51  0.06  0.49  0.06  23.77  2.69 
11  5/-5  3  0.46  0.12  0.54  0.12  23.32  5.90 
12  0/0  2  0.50  0.08  0.50  0.08  51.48  2.77 
12  0/0  3  0.48  0.07  0.52  0.07  59.28  3.14 
12  0/3  2  0.51  0.06  0.49  0.06  51.42  3.15 
12  0/3  3  0.47  0.08  0.53  0.08  56.26  3.56 
12  0/-5  2  0.51  0.02  0.49  0.02  52.71  2.41 
12  0/-5  3  0.49  0.07  0.51  0.07  51.99  3.50 
12  5/3  2  0.53  0.05  0.47  0.05  62.38  1.93 
12  5/3  3  0.48  0.08  0.52  0.08  53.01  5.20 
12  5/0  2  0.51  0.06  0.49  0.06  54.18  3.25 
12  5/0  3  0.47  0.08  0.53  0.08  51.90  3.20 
12  5/-5  2  0.51  0.05  0.49  0.05  59.30  1.52 
12  5/-5  3  0.47  0.05  0.53  0.05  59.79  5.62 145 
Subject  Seat  Speed  PP  S. D.  PR  S. D.  DOC  S. D. 
Position 
13  0/0  2  0.34  0.04  0.66  0.04  35.42  4.96 
13  0/0  3  0.33  0.07  0.67  0.07  52.14  11.63 
13  0/3  2  0.31  0.07  0.69  0.07  36.88  7.42 
13  0/3  3  0.31  0.07  0.69  0.07  42.75  9.40 
13  0/-5  2  0.38  0.09  0.62  0.09  34.62  5.23 
13  0/-5  3  0.31  0.05  0.69  0.05  43.13  11.21 
13  5/3  2  0.39  0.14  0.61  0.14  59.99  27.87 
13  5/3  3  0.35  0.04  0.65  0.04  57.35  18.94 
13  5/0  2  0.38  0.04  0.62  0.04  41.18  6.74 
13  5/0  3  0.35  0.03  0.65  0.03  54.70  7.39 
13  5/-5  2  0.35  0.04  0.65  0.04  40.35  4.92 
13  5/-5  3  0.32  0.05  0.68  0.05  50.21  7.65 
14  0/0  2  0.47  0.09  0.53  0.09  42.14  3.60 
14  0/0  3  0.38  0.04  0.62  0.04  47.99  4.76 
14  0/3  2  0.42  0.09  0.58  0.09  37.80  3.44 
14  0/3  3  0.41  0.04  0.59  0.04  52.72  1.70 
14  0/-5  2  0.42  0.09  0.58  0.09  46.02  2.88 
14  0/-5  3  0.38  0.04  0.62  0.04  43.84  3.78 
14  5/3  2  0.46  0.04  0.54  0.04  50.47  2.83 
14  5/3  3  0.44  0.03  0.56  0.03  51.08  3.64 
14  5/0  2  0.44  0.04  0.56  0.04  42.55  3.07 
14  5/0  3  0.37  0.09  0.63  0.09  52.79  2.25 
14  5/-5  2  0.43  0.06  0.57  0.06  43.41  2.85 
14  5/-5  3  0.37  0.05  0.63  0.05  49.09  1.68 
15  0/0  2  0.45  0.05  0.55  0.05  39.80  4.23 
15  0/0  3  0.44  0.05  0.56  0.05  52.67  3.07 
15  0/3  2  0.45  0.06  0.55  0.06  42.92  2.79 
15  0/3  3  0.42  0.05  0.58  0.05  57.24  1.95 
15  0/-5  2  0.47  0.05  0.53  0.05  45.53  4.87 
15  0/-5  3  0.45  0.08  0.55  0.08  59.82  3.28 
15  5/3  2  0.46  0.06  0.54  0.06  50.03  2.49 
15  5/3  3  0.43  0.05  0.57  0.05  61.80  2.90 
15  5/0  2  0.46  0.06  0.54  0.06  49.17  3.83 
15  5/0  3  0.42  0.06  0.58  0.06  53.54  5.28 
15  5/-5  2  0.45  0.06  0.55  0.06  42.12  3.48 
15  5/-5  3  0.43  0.05  0.57  0.05  60.31  3.24 146 
Subject  Seat  Speed  HF/E  S. D.  SF/E  S. D.  SA/A  S. D. 
Position 
1  0/0  2  11.61  4.03  45.66  5.86  9.81  4.57 
1  0/0  3  15.90  6.99  54.09  7.95  8.92  4.21 
1  0/3  2  12.18  3.95  52.26  8.95  7.55  2.99 
1  0/3  3  15.40  3.61  55.59  5.81  10.31  2.64 
1  0/-5  2  14.35  8.11  40.25  3.63  9.60  6.31 
1  0/-5  3  16.36  9.96  53.01  8.70  12.21  6.42 
1  5/3  2  12.01  2.82  43.77  2.82  9.51  5.37 
1  5/3  3  14.24  3.51  53.81  4.79  12.66  2.52 
1  5/0  2  12.03  3.99  48.34  6.61  10.62  3.19 
1  5/0  3  16.21  6.42  54.68  4.69  21.30  5.39 
1  5/-5  2  10.36  3.35  42.27  6.64  12.14  5.14 
1  5/-5  3  14.46  3.15  48.98  3.11  10.03  1.72 
2  0/0  2  5.28  1.59  65.42  12.30  16.02  5.10 
2  0/0  3  7.18  0.84  82.28  7.51  24.84  7.11 
2  0/3  2  4.50  0.84  58.81  6.00  10.32  3.41 
2  0/3  3  6.93  1.04  70.58  2.27  12.23  2.67 
2  0/-5  2  4.39  0.70  61.25  5.19  15.83  4.24 
2  0/-5  3  5.19  1.14  73.80  3.80  26.44  8.45 
2  5/3  2  4.02  1.44  66.11  14.93  15.49  5.90 
2  5/3  3  5.70  1.88  77.14  11.40  27.56  4.74 
2  5/0  2  5.70  2.95  70.95  16.21  15.55  6.25 
2  5/0  3  6.62  1.19  77.29  14.59  22.19  12.74 
2  5/-5  2  6.03  1.20  57.85  3.35  13.53  5.03 
2  5/-5  3  7.17  1.18  63.76  4.61  15.65  5.34 
3  0/0  2  4.31  1.08  25.30  9.24  13.00  7.86 
3  0/0  3  5.88  2.16  25.97  10.20  14.09  10.13 
3  0/3  2  3.65  0.79  23.95  8.37  8.06  3.42 
3  0/3  3  6.33  1.59  27.54  10.67  13.72  12.04 
3  0/-5  2  4.12  0.95  26.38  10.03  11.80  5.74 
3  0/-5  3  5.14  2.30  25.99  10.76  13.70  11.81 
3  5/3  2  3.73  1.21  25.73  7.87  11.80  4.08 
3  5/3  3  7.23  2.34  32.05  12.81  17.03  10.54 
3  5/0  2  2.65  1.09  23.79  6.46  11.61  6.07 
3  5/0  3  5.70  2.43  29.08  12.96  17.43  9.65 
3  5/-5  2  3.49  0.86  24.64  10.91  13.49  3.72 
3  5/-5  3  4.97  3.34  26.67  9.34  21.37  22.12 
4  0/0  2  2.54  0.95  36.00  26.01  19.78  9.84 
4  0/0  3  4.32  1.05  42.59  23.60  24.01  6.97 
4  0/3  2  4.24  2.25  40.89  28.32  17.62  7.82 
4  0/3  3  5.89  2.36  45.84  16.88  21.29  6.40 
4  0/-5  2  3.78  2.80  38.65  36.04  25.29  11.37 
4  0/-5  3  4.14  2.49  41.02  44.45  16.44  6.30 
4  5/3  2  3.31  2.70  31.74  27.11  9.84  4.36 
4  5/3  3  6.98  3.01  42.25  26.28  17.13  10.72 
4  5/0  2  3.95  2.19  41.42  28.12  27.09  8.27 
4  5/0  3  4.41  2.49  30.21  24.65  22.22  4.88 
4  5/-5  2  3.19  0.78  38.87  19.08  28.65  7.33 
4  5/-5  3  7.71  3.46  45.02  19.41  36.00  28.71 147 
Subject  Seat  Speed  HF/E  S. D.  SF/E  S. D.  SA/A  S. D. 
Position 
5  0/0  2  3.06  1.66  50.28  12.40  7.97  4.42 
5  0/0  3  4.81  2.04  58.74  15.34  13.12  4.47 
5  0/3  2  2.93  1.44  40.74  13.35  11.86  4.93 
5  0/3  3  2.75  2.14  49.49  17.44  18.15  3.53 
5  0/-5  2  3.06  2.64  42.33  16.61  13.59  4.65 
5  0/-5  3  3.20  1.68  57.91  11.47  17.07  4.14 
5  5/3  2  3.48  0.63  51.13  13.56  11.41  6.37 
5  5/3  3  4.59  2.35  54.86  9.81  13.27  5.80 
5  5/0  2  4.81  2.06  53.31  14.35  13.87  5.83 
5  5/0  3  2.87  1.46  50.30  16.47  17.44  2.76 
5  5/-5  2  2.88  2.51  48.82  10.90  13.00  6.22 
5  5/-5  3  3.98  1.37  52.54  11.44  10.50  4.16 
6  0/0  2  3.73  2.11  30.27  8.02  19.69  8.44 
6  0/0  3  7.37  2.54  34.39  4.39  23.53  7.70 
6  0/3  2  3.25  0.90  23.67  5.61  13.16  5.84 
6  0/3  3  7.81  1.95  39.81  14.54  19.54  8.39 
6  0/-5  2  5.66  1.50  33.54  20.19  32.18  14.05 
6  0/-5  3  5.65  3.11  41.94  32.54  22.93  9.74 
6  5/3  2  4.00  1.07  28.60  4.41  21.17  5.26 
6  5/3  3  8.59  1.75  36.70  8.79  17.55  7.60 
6  5/0  2  3.51  1.77  24.47  5.31  18.90  4.26 
6  5/0  3  5.90  1.21  26.78  3.81  19.07  3.72 
6  5/-5  2  3.61  0.42  20.94  2.88  14.76  3.93 
6  5/-5  3  7.35  1.84  28.89  7.56  19.20  7.82 
7  0/0  2  8.49  1.49  49.59  20.85  53.57  27.49 
7  0/0  3  9.77  1.80  52.25  25.18  62.03  21.44 
7  0/3  2  8.34  2.26  45.94  14.74  61.06  19.62 
7  0/3  3  10.29  1.87  54.10  22.50  60.20  12.75 
7  0/-5  2  7.60  2.42  50.52  16.04  42.17  26.31 
7  0/-5  3  8.59  2.08  56.46  18.03  67.47  16.18 
7  5/3  2  7.84  1.67  46.73  19.66  56.53  27.34 
7  5/3  3  10.71  2.36  59.25  20.72  60.45  30.62 
7  5/0  2  8.30  2.14  46.19  19.68  64.20  16.04 
7  5/0  3  9.30  1.76  51.85  16.64  67.28  17.44 
7  5/-5  2  6.96  2.57  42.48  18.00  65.34  25.65 
7  5/-5  3  9.68  1.97  54.20  13.15  62.70  19.63 
8  0/0  2  3.50  1.43  17.02  10.43  18.75  7.28 
8  0/0  3  6.31  3.94  16.80  4.63  26.98  18.12 
8  0/3  2  6.52  2.74  14.44  6.81  16.45  5.39 
8  0/3  3  6.60  5.01  15.97  4.94  21.21  10.06 
8  0/-5  2  4.25  2.64  15.98  5.49  19.39  3.45 
8  0/-5  3  4.33  1.37  15.98  4.49  20.79  9.31 
8  5/3  2  3.12  1.81  14.99  9.54  17.44  8.08 
8  5/3  3  4.46  2.99  17.58  7.18  32.17  31.81 
8  5/0  2  4.41  3.19  17.17  7.66  23.65  8.41 
8  5/0  3  4.63  1.79  16.56  5.07  26.22  12.49 
8  5/-5  2  3.60  1.67  15.29  5.84  30.21  19.92 
8  5/-5  3  3.08  1.10  17.14  3.39  32.37  15.06 148 
Subject  Seat  Speed  HF/E  S. D.  SF/E  S. D.  SA/A  S. D. 
Position 
9  0/0  2  6.16  3.54  52.72  9.84  20.81  10.28 
9  0/0  3  6.30  6.05  55.19  9.19  23.17  12.39 
9  0/3  2  4.78  3.04  46.55  9.66  17.24  11.42 
9  0/3  3  4.19  2.48  47.63  7.38  15.33  8.92 
9  0/-5  2  6.10  1.76  58.40  15.24  18.29  7.88 
9  0/-5  3  7.10  3.57  58.86  12.66  16.55  9.03 
9  5/3  2  4.98  2.09  45.70  11.25  13.91  9.19 
9  5/3  3  4.15  2.21  41.61  12.89  14.96  5.17 
9  5/0  2  5.82  4.91  51.10  8.10  13.00  9.07 
9  5/0  3  5.71  2.81  38.32  3.94  19.98  12.78 
9  5/-5  2  5.80  5.74  49.48  6.44  19.28  10.46 
9  5/-5  3  6.43  5.99  50.70  9.66  18.75  5.76 
10  0/0  2  6.44  3.60  44.78  22.06  10.71  5.95 
10  0/0  3  7.78  2.30  51.03  9.84  13.54  5.63 
10  0/3  2  5.65  1.71  43.05  12.36  7.46  2.16 
10  0/3  3  8.03  1.63  43.47  14.48  13.91  9.14 
10  0/-5  2  6.47  0.62  48.93  7.66  10.54  5.47 
10  0/-5  3  8.96  0.98  49.30  6.08  22.35  11.37 
10  5/3  2  6.38  2.55  42.28  15.93  14.81  7.56 
10  5/3  3  8.36  2.70  48.97  12.41  18.49  8.17 
10  5/0  2  6.22  2.81  45.69  16.37  12.85  9.18 
10  5/0  3  8.69  2.61  54.18  8.73  18.88  8.22 
10  5/-5  2  5.76  2.32  46.30  5.70  12.17  3.82 
10  5/-5  3  6.46  2.02  45.32  14.26  19.08  13.75 
11  0/0  2  4.09  0.85  29.88  5.56  14.91  7.64 
11  0/0  3  7.30  1.75  29.51  8.31  20.94  5.72 
11  0/3  2  3.50  0.76  30.70  9.33  13.81  2.54 
11  0/3  3  3.67  1.33  29.07  8.54  19.20  9.11 
11  0/-5  2  3.56  2.41  34.03  10.89  18.57  9.78 
11  0/-5  3  3.50  1.82  32.65  4.11  17.05  3.51 
11  5/3  2  4.12  1.98  37.25  08  14.10  6.32 
11  5/3  3  5.64  3.29  46.92  9.84  25.38  8.08 
11  5/0  2  4.73  2.38  37.03  11.29  17.13  9.01 
11  5/0  3  4.87  2.81  35.43  3.84  21.86  5.25 
11  5/-5  2  3.15  2.30  33.00  6.55  13.95  5.03 
11  5/-5  3  3.10  1.37  32.99  7.21  19.19  8.90 
12  0/0  2  3.76  0.88  44.09  10.10  25.52  15.05 
12  0/0  3  4.21  1.31  49.67  9.73  28.79  7.24 
12  0/3  2  3.80  0.86  45.38  10.11  30.86  13.62 
12  0/3  3  3.86  1.51  52.87  6.30  36.44  9.25 
12  0/-5  2  2.95  0.97  41.86  8.68  29.51  7.88 
12  0/-5  3  3.56  1.33  47.40  9.25  29.28  11.62 
12  5/3  2  3.21  1.61  52.06  6.46  32.30  10.16 
12  5/3  3  3.64  1.23  47.79  6.03  30.28  14.78 
12  5/0  2  3.21  1.18  47.20  7.51  35.80  11.19 
12  5/0  3  3.97  0.81  48.45  11.11  26.24  11.73 
12  5/-5  2  3.20  1.36  47.00  5.41  30.81  10.61 
12  5/-5  3  4.55  1.81  48.23  4.53  28.95  11.16 149 
Subject  Seat  Speed  HF/E  S. D.  SF/E  S. D.  SA/A  S. D. 
Position 
13  0/0  2  4.88  1.45  43.50  16.35  23.95  16.05 
13  0/0  3  6.29  2.66  65.05  17.58  29.44  14.17 
13  0/3  2  6.37  1.31  51.91  8.99  23.42  16.64 
13  0/3  3  6.88  1.59  51.44  12.65  27.32  13.77 
13  0/-5  2  4.00  2.42  48.00  13.02  28.16  9.90 
13  0/-5  3  6.03  2.74  58.27  18.23  37.83  11.73 
13  5/3  2  5.73  1.84  55.90  7.77  35.90  19.01 
13  5/3  3  6.58  3.64  56.21  15.43  34.37  10.40 
13  5/0  2  4.15  1.83  53.54  12.21  24.83  11.84 
13  5/0  3  6.01  2.50  55.69  9.95  29.59  6.51 
13  5/-5  2  4.78  0.49  47.07  18.00  29.95  11.10 
13  5/-5  3  7.31  1.95  55.31  6.86  32.23  4.92 
14  0/0  2  4.25  2.55  40.60  10.40  19.81  7.46 
14  0/0  3  4.56  1.97  53.90  4.84  22.91  6.35 
14  0/3  2  4.07  1.79  38.72  6.87  17.33  7.91 
14  0/3  3  7.13  3.93  45.75  5.72  24.45  8.45 
14  0/-5  2  9.19  2.99  43.21  6.54  16.29  7.19 
14  0/-5  3  5.70  2.07  47.92  4.08  17.49  5.01 
14  5/3  2  9.02  3.55  45.52  14.96  22.31  9.32 
14  5/3  3  5.48  3.71  44.12  5.33  24.76  7.60 
14  5/0  2  7.27  3.89  40.88  13.25  19.49  8.09 
14  5/0  3  9.23  4.18  47.34  4.57  23.64  6.68 
14  5/-5  2  7.02  3.98  48.54  7.16  18.97  9.31 
14  5/-5  3  8.62  1.55  51.08  8.43  16.72  3.47 
15  0/0  2  3.25  1.48  26.98  11.04  21.00  9.15 
15  0/0  3  3.44  1.73  40.52  14.48  33.04  6.91 
15  0/3  2  3.43  1.49  34.00  5.32  19.99  8.89 
15  0/3  3  3.82  1.28  43.18  8.20  38.97  4.80 
15  0/-5  2  4.49  1.15  31.46  11.73  30.82  7.24 
15  0/-5  3  3.70  1.35  45.77  6.84  41.41  3.93 
15  5/3  2  3.85  1.29  33.84  7.95  29.40  7.17 
15  5/3  3  3.64  1.64  42.66  9.66  38.16  10.32 
15  5/0  2  3.10  2.21  38.56  17.25  26.19  8.47 
15  5/0  3  3.76  1.08  41.67  13.80  33.67  9.63 
15  5/-5  2  2.95  1.03  27.68  12.74  25.15  7.48 
15  5/-5  3  3.99  1.01  39.64  13.60  42.26  8.34 150 
Subject  Seat  Speed  EF/E  S. D.  WF/E  S. D. 
Position 
1  0/0  2  60.15  8.00  14.47  3.74 
1  0/0  3  70.98  3.51  18.84  4.66 
1  0/3  2  57.35  2.39  13.50  4.46 
1  0/3  3  68.16  4.50  17.95  3.58 
1  0/-5  2  54.49  8.25  14.00  8.63 
1  0/-5  3  67.42  12.11  19.06  12.47 
1  5/3  2  53.92  3.27  12.22  5.33 
1  5/3  3  66.15  10.00  14.35  7.38 
1  5/0  2  60.79  8.59  12.81  2.85 
1  5/0  3  73.04  10.90  17.34  5.17 
1  5/-5  2  57.76  5.51  13.62  5.54 
1  5/-5  3  67.10  7.05  18.05  9.78 
2  0/0  2  58.65  4.99  13.24  5.96 
2  0/0  3  77.60  2.50  20.56  6.39 
2  0/3  2  57.15  4.89  11.01  3.69 
2  0/3  3  70.84  1.97  13.29  4.81 
2  0/-5  2  58.14  4.77  13.52  3.26 
2  0/-5  3  72.10  1.24  17.84  5.49 
2  5/3  2  59.64  5.59  12.83  7.57 
2  5/3  3  76.85  3.80  19.45  9.54 
2  5/0  2  63.05  5.33  14.40  6.85 
2  5/0  3  72.86  1.89  16.75  5.26 
2  5/-5  2  57.34  3.65  12.17  2.34 
2  5/-5  3  63.61  2.63  13.22  1.40 
3  0/0  2  33.46  9.25  11.41  8.08 
3  0/0  3  38.99  14.86  13.60  7.78 
3  0/3  2  29.70  10.82  12.38  8.99 
3  0/3  3  42.60  17.64  12.66  6.21 
3  0/-5  2  31.79  8.32  13.18  9.53 
3  0/-5  3  42.21  18.65  11.91  7.03 
3  5/3  2  28.62  5.88  10.91  9.13 
3  5/3  3  42.35  19.76  14.49  8.59 
3  5/0  2  28.28  7.33  11.88  7.61 
3  5/0  3  43.46  23.17  15.40  6.25 
3  5/-5  2  31.15  7.46  11.82  7.21 
3  5/-5  3  39.22  17.82  15.33  7.14 
4  0/0  2  39.17  9.78  15.88  6.72 
4  0/0  3  59.33  7.24  22.71  8.22 
4  0/3  2  49.43  15.49  20.70  8.50 
4  0/3  3  66.87  11.20  25.68  8.68 
4  0/-5  2  44.85  11.52  19.08  7.97 
4  0/-5  3  49.14  24.61  22.63  12.79 
4  5/3  2  34.35  24.15  13.83  11.01 
4  5/3  3  59.21  12.86  20.88  8.24 
4  5/0  2  52.86  5.95  21.67  6.15 
4  5/0  3  48.25  15.91  20.32  6.34 
4  5/-5  2  47.86  11.34  21.14  9.08 
4  5/-5  3  64.36  15.23  24.30  8.80 151 
Subject  Seat  Speed  EF/E  S. D.  WF/E  S. D. 
Position 
5  0/0  2  69.49  7.39  21.37  3.54 
5  0/0  3  78.96  5.90  29.07  4.89 
5  0/3  2  58.56  6.42  17.23  2.75 
5  0/3  3  72.33  6.10  25.89  4.40 
5  0/-5  2  59.90  15.96  20.33  7.13 
5  0/-5  3  77.16  4.57  30.55  5.41 
5  5/3  2  67.24  10.98  22.27  7.48 
5  5/3  3  77.72  4.93  33.65  4.62 
5  5/0  2  80.21  11.96  26.09  5.47 
5  5/0  3  75.63  6.27  37.14  4.72 
5  5/-5  2  59.11  5.49  18.91  3.01 
5  5/-5  3  69.95  7.33  26.34  3.46 
6  0/0  2  43.11  9.66  12.67  2.35 
6  0/0  3  54.66  7.59  20.70  5.94 
6  0/3  2  33.01  3.76  8.93  1.96 
6  0/3  3  51.85  4.47  15.29  5.68 
6  0/-5  2  36.13  8.95  18.15  9.33 
6  0/-5  3  43.77  16.39  17.48  7.12 
6  5/3  2  42.83  7.90  12.51  1.76 
6  5/3  3  50.88  4.92  17.07  3.00 
6  5/0  2  36.76  9.84  13.17  2.07 
6  5/0  3  46.79  11.50  14.05  2.61 
6  5/-5  2  30.67  4.52  11.70  2.14 
6  5/-5  3  42.33  4.16  15.61  4.42 
7  0/0  2  69.21  19.70  23.63  9.04 
7  0/0  3  74.56  22.87  29.11  10.97 
7  0/3  2  69.30  17.42  24.74  6.96 
7  0/3  3  75.20  17.97  25.43  4.94 
7  0/-5  2  63.37  15.83  24.10  7.47 
7  0/-5  3  75.36  14.64  30.71  5.47 
7  5/3  2  67.70  20.27  26.34  5.45 
7  5/3  3  80.58  19.35  29.24  7.71 
7  5/0  2  65.87  19.79  23.49  7.87 
7  5/0  3  76.64  15.94  30.72  7.36 
7  5/-5  2  62.98  17.99  27.27  6.99 
7  5/-5  3  74.01  13.31  29.16  5.72 
8  0/0  2  41.95  9.64  11.41  3.11 
8  0/0  3  45.31  5.84  19.50  10.11 
8  0/3  2  40.41  5.89  11.11  2.26 
8  0/3  3  45.18  8.48  18.52  7.94 
8  0/-5  2  46.23  8.88  13.31  2.55 
8  0/-5  3  42.57  13.45  13.69  6.53 
8  5/3  2  32.58  2.61  9.68  2.63 
8  5/3  3  45.22  12.50  14.19  4.62 
8  5/0  2  44.49  11.82  12.87  2.92 
8  5/0  3  40.98  5.64  12.89  3.68 
8  5/-5  2  46.53  9.38  14.80  3.40 
8  5/-5  3  41.31  12.44  14.85  4.59 152 
Subject  Seat  Speed  EF/E  S. D.  WF/E  S. D. 
Position 
9  0/0  2  58.86  9.32  20.55  5.26 
9  0/0  3  67.46  10.17  22.08  5.38 
9  0/3  2  57.01  3.61  19.27  6.83 
9  0/3  3  62.40  5.76  19.05  4.65 
9  0/-5  2  58.77  12.41  27.70  8.80 
9  0/-5  3  63.97  14.63  27.74  6.95 
9  5/3  2  53.72  8.59  19.12  8.46 
9  5/3  3  56.20  10.95  19.77  4.82 
9  5/0  2  63.21  8.24  23.92  3.17 
9  5/0  3  53.94  8.92  17.48  5.41 
9  5/-5  2  58.70  8.17  25.35  3.87 
9  5/-5  3  64.75  7.81  28.19  5.35 
10  0/0  2  43.78  16.04  10.86  6.85 
10  0/0  3  51.77  7.89  13.18  6.84 
10  0/3  2  38.87  11.50  9.96  4.78 
10  0/3  3  49.07  7.41  12.84  4.64 
10  0/-5  2  44.40  3.70  13.22  2.63 
10  0/-5  3  56.41  3.32  16.69  2.77 
10  5/3  2  44.74  7.61  12.53  5.42 
10  5/3  3  61.15  6.32  15.11  6.20 
10  5/0  2  44.55  12.24  12.11  3.28 
10  5/0  3  59.90  7.03  16.75  4.27 
10  5/-5  2  44.72  5.42  13.76  3.41 
10  5/-5  3  50.23  7.55  15.98  9.00 
11  0/0  2  36.23  5.32  14.37  3.02 
11  0/0  3  44.84  9.68  15.73  6.70 
11  0/3  2  33.86  6.91  12.88  4.66 
11  0/3  3  36.37  12.02  13.95  4.07 
11  0/-5  2  43.91  13.76  17.61  8.23 
11  0/-5  3  43.99  7.86  17.56  4.60 
11  5/3  2  41.97  5.82  16.21  6.29 
11  5/3  3  72.09  7.77  23.51  7.68 
11  5/0  2  44.53  8.16  15.93  3.19 
11  5/0  3  53.78  5.69  18.53  3.63 
11  5/-5  2  41.76  4.05  15.14  1.94 
11  5/-5  3  40.29  8.29  15.53  5.11 
12  0/0  2  50.71  6.70  8.71  2.40 
12  0/0  3  55.44  2.32  10.30  2.07 
12  0/3  2  48.51  7.20  6.85  1.94 
12  0/3  3  52.41  6.84  8.10  1.29 
12  0/-5  2  46.28  6.12  8.09  1.80 
12  0/-5  3  48.54  5.08  10.20  1.54 
12  5/3  2  47.54  8.68  6.10  3.32 
12  5/3  3  52.26  4.57  8.13  1.56 
12  5/0  2  48.03  5.95  7.85  3.20 
12  5/0  3  50.51  4.79  9.71  2.40 
12  5/-5  2  47.67  7.71  7.88  1.83 
12  5/-5  3  50.53  5.68  9.16  2.87 153 
Subject  Seat  Speed  EF/E  S. D.  WF/E  S. D. 
Position 
13  0/0  2  39.99  10.94  11.63  4.18 
13  0/0  3  58.41  18.21  16.14  8.38 
13  0/3  2  44.88  13.56  13.28  5.01 
13  0/3  3  48.58  14.22  12.60  2.21 
13  0/-5  2  40.17  11.15  11.32  2.63 
13  0/-5  3  52.17  16.75  15.21  6.84 
13  5/3  2  51.89  19.51  11.01  2.97 
13  5/3  3  56.46  21.93  14.25  2.07 
13  5/0  2  44.01  13.64  12.38  7.66 
13  5/0  3  56.65  18.34  14.84  2.57 
13  5/-5  2  42.35  11.32  14.03  7.30 
13  5/-5  3  53.91  19.44  17.38  10.18 
14  0/0  2  62.59  15.59  19.46  5.50 
14  0/0  3  73.37  5.17  26.26  3.84 
14  0/3  2  59.03  11.10  20.88  4.84 
14  0/3  3  69.65  7.47  21.48  6.35 
14  0/-5  2  60.23  9.25  12.01  3.53 
14  0/-5  3  69.72  3.31  23.76  2.31 
14  5/3  2  66.72  10.00  14.87  6.24 
14  5/3  3  71.23  16.12  21.61  8.91 
14  5/0  2  64.42  17.15  18.57  7.76 
14  5/0  3  75.48  16.17  17.76  6.28 
14  5/-5  2  65.54  6.77  19.32  7.66 
14  5/-5  3  67.16  4.30  16.49  4.37 
15  0/0  2  53.40  5.07  16.32  0.88 
15  0/0  3  65.19  5.32  19.37  1.73 
15  0/3  2  54.49  4.23  14.01  1.66 
15  0/3  3  69.26  2.13  19.48  2.37 
15  0/-5  2  55.59  7.91  16.56  2.53 
15  0/-5  3  70.32  2.38  21.31  4.51 
15  5/3  2  60.71  4.69  17.15  2.23 
15  5/3  3  70.23  4.22  21.02  3.77 
15  5/0  2  59.19  9.61  15.98  2.28 
15  5/0  3  65.43  10.89  19.86  3.01 
15  5/-5  2  53.46  6.21  17.18  2.91 
15  5/-5  3  66.82  7.51  21.92  2.45 154 
Subject  Seat  Speed  HMX  S. D.  HMY  S. D.  HMZ  S. D. 
Position 
1  0/0  2  39.69  8.53  58.42  18.57  77.73  18.48 
1  0/0  3  29.71  5.35  67.68  9.44  107.84  19.32 
1  0/3  2  41.94  3.45  43.22  6.49  110.10  9.54 
1  0/3  3  56.65  7.71  69.53  12.82  120.55  15.16 
1  0/-5  2  43.14  16.09  67.11  8.27  99.66  18.03 
1  0/-5  3  42.51  7.28  71.18  5.93  107.45  8.38 
1  5/3  2  45.26  7.87  61.13  11.87  115.26  21.79 
1  5/3  3  78.64  25.40  58.39  21.23  155.97  36.32 
1  5/0  2  26.58  10.88  62.72  13.19  98.88  9.67 
1  5/0  3  36.97  8.13  100.35  30.56  130.44  18.99 
1  5/-5  2  38.48  8.79  43.46  10.51  78.63  9.45 
1  5/-5  3  41.52  6.63  73.73  15.75  105.94  3.97 
2  0/0  2  37.84  2.73  159.67  50.58  92.29  22.77 
2  0/0  3  47.59  22.04  120.39  42.25  72.33  12.21 
2  0/3  2  18.83  2.39  29.99  7.27  41.08  7.15 
2  0/3  3  27.13  9.75  33.24  2.82  42.35  10.40 
2  0/-5  2  36.41  8.77  164.37  71.13  80.26  32.41 
2  0/-5  3  51.91  9.86  165.35  61.63  68.03  26.88 
2  5/3  2  23.97  4.79  106.03  32.02  61.99  7.22 
2  5/3  3  54.23  8.07  243.12  16.79  124.63  17.50 
2  5/0  2  52.50  20.13  221.07  48.97  111.56  14.42 
2  5/0  3  68.00  11.75  259.08  17.47  105.57  5.24 
2  5/-5  2  21.80  6.78  41.89  13.87  50.53  18.67 
2  5/-5  3  20.68  4.69  50.72  15.84  54.09  7.95 
3  0/0  2  80.40  39.18  65.20  22.82  83.66  17.96 
3  0/0  3  76.01  7.67  91.69  25.39  63.94  37.59 
3  0/3  2  56.14  14.33  42.62  14.66  54.67  18.15 
3  0/3  3  51.98  5.45  72.70  18.40  66.32  10.76 
3  0/-5  2  49.10  16.69  55.14  10.87  87.00  2.23 
3  0/-5  3  55.07  10.74  70.59  34.08  51.34  31.27 
3  5/3  2  86.65  20.97  70.64  21.35  111.86  61.89 
3  5/3  3  39.49  8.81  62.96  13.67  96.85  10.09 
3  5/0  2  64.98  36.86  35.56  7.82  53.42  6.58 
3  5/0  3  37.05  7.93  77.18  30.41  87.66  37.68 
3  5/-5  2  83.54  12.65  52.49  8.83  55.38  12.04 
3  5/-5  3  65.52  7.74  102.53  38.95  75.01  16.67 
4  0/0  2  41.87  11.38  35.76  5.20  48.02  14.60 
4  0/0  3  32.77  8.23  41.31  5.27  48.99  4.58 
4  0/3  2  30.55  8.75  38.84  9.94  37.14  10.54 
4  0/3  3  41.65  11.14  57.78  13.42  59.62  11.31 
4  0/-5  2  41.17  24.94  29.88  9.40  52.15  16.84 
4  0/-5  3  41.02  9.74  51.58  16.14  45.73  7.95 
4  5/3  2  12.99  7.46  30.02  13.39  24.32  7.41 
4  5/3  3  18.96  10.64  38.73  9.89  36.55  4.57 
4  5/0  2  23.92  6.59  34.17  5.49  42.01  2.44 
4  5/0  3  17.01  2.25  26.32  6.92  33.01  10.75 
4  5/-5  2  44.72  19.14  32.21  5.41  69.55  10.74 
4  5/-5  3  50.78  10.24  70.38  7.63  75.35  10.26 155 
Subject  Seat  Speed  HMX  S. D.  HMY  S. D.  HMZ  S. D. 
Position 
5  0/0  2  24.47  4.35  80.53  9.55  117.82  13.00 
5  0/0  3  29.13  7.26  85.39  10.66  98.00  16.09 
5  0/3  2  37.10  21.50  77.03  22.68  65.07  22.70 
5  0/3  3  29.27  7.28  80.43  8.76  117.97  11.95 
5  0/-5  2  33.03  17.13  76.84  31.67  59.95  34.40 
5  0/-5  3  33.18  8.16  85.25  14.16  109.22  24.52 
5  5/3  2  22.67  6.69  105.06  26.32  86.53  29.29 
5  5/3  3  31.05  10.90  91.96  12.86  140.71  29.62 
5  5/0  2  52.11  23.82  114.10  30.25  99.04  12.31 
5  5/0  3  32.18  10.05  128.79  19.40  129.15  13.52 
5  5/-5  2  33.63  26.52  54.54  12.16  78.62  26.26 
5  5/-5  3  38.15  16.18  102.82  11.65  108.70  13.78 
6  0/0  2  67.20  19.76  48.44  11.17  66.30  12.41 
6  0/0  3  80.12  18.83  42.25  21.09  62.17  11.09 
6  0/3  2  52.96  6.83  25.11  5.12  32.91  5.26 
6  0/3  3  104.30  11.62  61.70  12.54  86.09  18.38 
6  0/-5  2  31.01  13.38  37.46  5.20  63.63  17.30 
6  0/-5  3  106.50  29.65  48.76  8.27  61.03  4.36 
6  5/3  2  66.14  5.05  46.46  7.95  61.56  19.64 
6  5/3  3  88.97  19.07  43.05  8.32  72.73  22.56 
6  5/0  2  37.59  12.04  24.90  9.07  27.59  6.21 
6  5/0  3  65.91  12.61  60.44  6.99  93.45  14.40 
6  5/-5  2  48.01  11.71  34.24  5.45  44.16  13.00 
6  5/-5  3  65.58  6.02  64.38  7.72  106.86  31.06 
7  0/0  2  33.42  5.43  63.62  11.13  85.09  16.78 
7  0/0  3  50.31  13.29  69.98  1.91  77.60  7.70 
7  0/3  2  42.50  12.76  66.52  5.84  66.15  25.69 
7  0/3  3  40.89  17.52  76.58  17.79  94.08  20.82 
7  0/-5  2  34.03  12.38  58.86  10.10  72.25  11.41 
7  0/-5  3  52.97  15.80  73.88  8.04  80.58  17.85 
7  5/3  2  42.53  15.66  59.05  4.72  64.51  21.76 
7  5/3  3  45.83  11.46  49.50  5.52  93.01  4.30 
7  5/0  2  35.55  6.46  51.01  8.23  63.28  13.21 
7  5/0  3  55.09  20.41  56.31  5.04  74.13  7.86 
7  5/-5  2  40.36  9.36  45.14  2.55  67.24  19.70 
7  5/-5  3  46.12  14.44  47.54  11.55  76.09  15.16 
8  0/0  2  58.02  14.50  37.70  15.46  51.07  8.69 
8  0/0  3  79.72  23.48  67.27  19.57  94.22  27.71 
8  0/3  2  54.75  10.19  39.86  11.84  78.58  13.63 
8  0/3  3  42.74  7.56  62.75  18.34  106.30  22.02 
8  0/-5  2  75.18  12.06  38.92  10.21  48.22  3.63 
8  0/-5  3  82.26  8.39  40.55  2.05  30.71  9.32 
8  5/3  2  52.34  14.18  28.14  4.65  52.91  5.19 
8  5/3  3  97.64  22.28  42.09  12.48  41.64  7.51 
8  5/0  2  54.57  4.98  48.36  24.42  55.54  19.50 
8  5/0  3  75.97  18.88  66.65  16.23  41.46  16.28 
8  5/-5  2  102.74  6.40  42.35  5.91  48.75  3.65 
8  5/-5  3  97.11  5.97  28.21  8.84  24.42  4.06 156 
Subject  Seat  Speed  HMX  S. D.  HMY  S. D.  HMZ  S. D. 
Position 
9  0/0  2  60.09  30.25  183.55  87.36  102.14  74.77 
9  0/0  3  68.90  24.82  210.81  35.19  104.52  18.47 
9  0/3  2  73.20  46.05  129.88  16.11  78.24  21.50 
9  0/3  3  73.61  5.02  247.34  40.05  51.62  11.47 
9  0/-5  2  45.78  46.75  225.53  90.94  47.01  9.53 
9  0/-5  3  63.21  26.60  193.29  68.97  60.09  28.57 
9  5/3  2  34.81  5.75  101.36  46.17  62.28  18.76 
9  5/3  3  18.60  8.64  68.46  17.66  84.32  21.58 
9  5/0  2  85.48  23.49  202.31  33.71  52.11  10.12 
9  5/0  3  36.34  14.68  125.50  51.23  113.39  39.98 
9  5/-5  2  44.43  11.97  139.31  35.76  97.81  28.05 
9  5/-5  3  60.07  9.21  181.37  16.93  44.20  9.32 
10  0/0  2  61.38  19.21  33.63  6.02  39.37  13.47 
10  0/0  3  93.90  22.15  72.64  20.47  84.71  35.62 
10  0/3  2  24.62  5.26  40.84  16.69  33.87  6.77 
10  0/3  3  34.94  4.85  48.48  6.12  32.19  6.98 
10  0/-5  2  32.66  26.69  20.24  3.52  26.38  3.68 
10  0/-5  3  42.11  17.93  45.97  4.02  50.60  14.31 
10  5/3  2  51.78  22.24  37.68  5.50  49.32  16.41 
10  5/3  3  39.60  4.45  77.53  18.13  44.16  10.45 
10  5/0  2  53.18  24.09  50.47  25.25  78.78  27.69 
10  5/0  3  83.90  71.47  93.93  27.32  100.37  61.40 
10  5/-5  2  21.57  6.39  36.10  9.89  58.78  37.37 
10  5/-5  3  52.67  28.25  51.66  20.26  57.65  25.83 
11  0/0  2  14.53  5.90  21.63  3.00  33.78  9.31 
11  0/0  3  38.16  8.83  29.93  5.87  72.61  7.07 
11  0/3  2  23.45  7.23  22.26  6.44  39.59  6.37 
11  0/3  3  32.32  10.90  37.23  13.01  41.71  13.39 
11  0/-5  2  35.11  8.62  28.55  3.51  30.52  5.92 
11  0/-5  3  24.52  8.03  32.54  7.07  36.19  7.80 
11  5/3  2  22.21  9.19  31.59  1.29  29.64  6.31 
11  5/3  3  62.77  11.97  87.50  19.82  73.71  19.01 
11  5/0  2  36.85  4.26  23.83  11.53  41.71  12.16 
11  5/0  3  24.99  4.16  38.01  11.66  48.76  7.99 
11  5/-5  2  29.39  7.21  29.41  5.49  22.61  8.06 
11  5/-5  3  30.38  7.13  31.92  5.42  38.69  9.66 
12  0/0  2  26.56  10.04  68.04  9.83  75.42  13.64 
12  0/0  3  30.16  5.78  66.83  6.11  69.19  14.03 
12  0/3  2  91.66  57.54  86.01  23.64  81.67  25.50 
12  0/3  3  28.97  5.54  67.75  5.05  82.15  4.64 
12  0/-5  2  24.70  3.60  41.38  4.52  50.37  6.92 
12  0/-5  3  42.20  26.28  51.06  11.22  55.51  18.88 
12  5/3  2  56.07  9.85  73.91  9.34  70.08  8.58 
12  5/3  3  29.72  5.83  61.39  5.01  70.13  8.92 
12  5/0  2  48.12  20.67  56.25  3.16  65.85  5.37 
12  5/0  3  35.68  6.84  70.95  5.01  55.12  1.71 
12  5/-5  2  32.42  5.71  52.54  10.32  61.51  8.90 
12  5/-5  3  31.08  2.72  64.91  11.94  59.63  8.93 157 
Subject  Seat  Speed  HMX  S. D.  HMY  S. D.  HMZ  S. D. 
Position 
13  0/0  2  60.89  6.21  17.05  1.21  51.71  9.68 
13  0/0  3  72.22  3.87  28.11  3.75  58.26  12.96 
13  0/3  2  67.76  8.93  16.94  4.09  62.43  13.03 
13  0/3  3  62.48  6.04  21.47  1.51  71.99  16.67 
13  0/-5  2  76.92  6.79  50.59  39.71  56.10  14.73 
13  0/-5  3  79.53  11.32  29.00  14.60  68.48  17.10 
13  5/3  2  77.37  10.58  17.80  6.27  67.99  7.13 
13  5/3  3  77.42  8.89  21.49  2.97  67.82  5.74 
13  5/0  2  66.53  11.74  29.09  6.70  49.74  9.05 
13  5/0  3  72.83  4.90  32.98  6.29  74.52  17.30 
13  5/-5  2  54.97  4.92  22.43  3.26  72.72  16.22 
13  5/-5  3  57.70  14.37  25.03  2.85  87.74  7.26 
14  0/0  2  52.89  16.58  142.45  16.22  113.00  16.57 
14  0/0  3  67.93  12.49  151.15  16.32  106.39  10.06 
14  0/3  2  46.77  6.12  162.42  28.37  143.36  19.54 
14  0/3  3  50.72  5.00  140.76  10.41  129.36  3.97 
14  0/-5  2  36.09  12.59  56.65  16.61  114.63  39.89 
14  0/-5  3  67.37  13.91  133.37  28.90  135.87  14.02 
14  5/3  2  47.94  22.37  103.79  46.62  124.81  30.60 
14  5/3  3  50.49  10.05  167.12  46.49  102.73  4.88 
14  5/0  2  36.50  7.65  129.50  25.08  104.63  16.21 
14  5/0  3  56.82  10.23  97.36  38.02  109.97  22.10 
14  5/-5  2  41.47  9.89  107.93  15.15  85.63  5.88 
14  5/-5  3  30.87  9.27  104.39  27.99  73.62  8.92 
15  0/0  2  22.29  6.22  51.28  9.95  40.71  7.84 
15  0/0  3  17.79  7.41  60.16  5.29  45.26  5.32 
15  0/3  2  24.40  10.69  53.00  13.76  37.89  14.76 
15  0/3  3  23.19  7.02  59.34  10.26  54.12  6.15 
15  0/-5  2  30.14  2.90  41.44  11.38  39.21  4.07 
15  0/-5  3  25.17  12.18  68.45  4.76  63.93  3.04 
15  5/3  2  25.32  9.23  48.36  9.27  34.55  11.64 
15  5/3  3  29.90  10.91  68.10  8.63  65.31  12.59 
15  5/0  2  19.90  9.62  49.79  2.88  47.21  4.19 
15  5/0  3  17.24  3.98  57.45  9.94  52.24  7.09 
15  5/-5  2  20.30  5.13  53.22  6.97  38.35  5.36 
15  5/-5  3  22.32  5.49  73.96  6.56  63.44  3.02 158 
Subject  Seat  Speed  CMMX  S. D.  CMMY  S. D.  CMMZ  S. D. 
Position 
1  0/0  2  5.74  2.83  8.04  2.37  41.12  3.28 
1  0/0  3  5.81  2.33  17.72  2.32  57.84  4.17 
1  0/3  2  7.36  1.91  8.19  1.83  48.77  2.15 
1  0/3  3  10.29  1.18  14.55  0.79  61.49  3.46 
1  0/-5  2  5.95  1.31  14.20  2.42  51.56  5.22 
1  0/-5  3  4.19  1.46  16.03  4.99  61.47  10.31 
1  5/3  2  6.15  4.03  9.18  1.53  47.66  2.40 
1  5/3  3  15.19  2.70  12.42  1.53  61.26  5.00 
1  5/0  2  4.12  2.00  12.51  3.74  46.35  5.40 
1  5/0  3  10.03  5.19  17.57  2.94  62.66  5.93 
1  5/-5  2  2.82  0.94  12.38  2.06  43.49  1.82 
1  5/-5  3  4.27  1.66  14.05  2.15  57.12  1.95 
2  0/0  2  5.79  2.48  13.63  5.24  30.24  6.18 
2  0/0  3  5.64  4.22  9.77  5.96  40.51  1.64 
2  0/3  2  4.33  0.78  3.40  0.31  28.01  0.67 
2  0/3  3  4.96  2.33  9.59  1.73  41.20  3.42 
2  0/-5  2  4.35  2.08  12.23  4.68  25.02  1.94 
2  0/-5  3  6.75  1.99  10.39  3.46  32.33  2.28 
2  5/3  2  4.80  0.95  7.68  2.07  24.28  2.95 
2  5/3  3  5.43  2.56  15.04  2.78  30.16  3.22 
2  5/0  2  4.61  0.99  15.36  0.97  28.40  9.27 
2  5/0  3  3.82  0.66  16.79  1.18  30.63  3.34 
2  5/-5  2  2.30  1.31  10.23  1.46  33.89  1.99 
2  5/-5  3  3.57  0.45  14.92  4.48  41.33  2.50 
3  0/0  2  21.75  7.74  15.59  2.47  27.36  3.01 
3  0/0  3  11.09  2.36  14.66  1.24  36.14  2.87 
3  0/3  2  12.21  4.10  11.71  0.47  25.39  2.72 
3  0/3  3  10.98  2.02  11.13  1.46  39.93  3.04 
3  0/-5  2  16.10  3.19  12.56  0.43  20.54  1.48 
3  0/-5  3  10.64  2.00  13.47  0.95  34.32  2.25 
3  5/3  2  19.48  5.22  12.86  3.08  22.28  4.78 
3  5/3  3  7.97  1.21  12.25  1.24  47.27  1.24 
3  5/0  2  12.53  5.42  15.04  3.00  20.53  4.69 
3  5/0  3  12.19  2.79  16.94  6.89  38.35  5.76 
3  5/-5  2  23.40  1.61  15.39  0.48  20.01  1.87 
3  5/-5  3  11.45  4.64  15.33  1.18  32.28  6.83 
4  0/0  2  6.54  4.03  7.81  0.35  10.63  3.08 
4  0/0  3  5.32  2.13  10.44  2.18  19.65  1.63 
4  0/3  2  5.05  1.04  9.21  1.19  16.50  1.92 
4  0/3  3  7.85  3.73  9.97  3.12  22.16  5.32 
4  0/-5  2  5.50  2.59  10.44  1.95  12.81  4.44 
4  0/-5  3  7.01  1.51  9.52  3.09  11.87  2.40 
4  5/3  2  3.59  0.61  4.22  1.32  11.74  6.31 
4  5/3  3  5.70  3.69  10.34  2.83  25.24  0.90 
4  5/0  2  4.83  1.28  10.10  1.37  13.97  1.22 
4  5/0  3  4.52  1.95  12.11  2.15  15.35  4.59 
4  5/-5  2  7.48  4.85  8.72  1.57  12.71  3.12 
4  57-5  3  6.45  3.76  13.77  5.32  27.59  7.55 159 
Subject  Seat  Speed  CMMX  S. D.  CMMY  S. D.  CMMZ  S. D. 
Position 
5  0/0  2  5.34  1.81  5.99  1.22  9.97  2.65 
5  0/0  3  4.09  1.94  6.13  0.56  16.78  1.20 
5  0/3  2  6.47  2.71  6.08  2.48  11.07  4.26 
5  0/3  3  5.15  1.18  7.56  2.33  8.89  1.67 
5  0/-5  2  7.38  3.24  7.51  1.85  14.08  2.85 
5  0/-5  3  5.64  2.91  9.41  2.08  15.17  3.10 
5  5/3  2  6.87  4.07  11.13  3.27  10.42  1.31 
5  5/3  3  8.15  2.93  7.01  1.04  12.28  5.60 
5  5/0  2  8.14  2.72  8.08  1.00  15.84  3.65 
5  5/0  3  6.82  3.02  8.22  1.63  10.12  2.62 
5  5/-5  2  5.58  1.30  10.26  2.05  11.23  4.86 
5  5/-5  3  5.90  1.76  8.94  3.51  14.78  3.33 
6  0/0  2  10.52  2.77  15.31  0.97  20.92  3.58 
6  0/0  3  12.73  3.37  14.24  2.03  35.65  4.94 
6  0/3  2  11.29  3.31  11.78  1.85  19.69  2.92 
6  0/3  3  20.62  1.39  14.41  1.64  38.68  5.76 
6  0/-5  2  7.95  0.84  7.86  2.38  27.82  5.64 
6  0/-5  3  22.09  6.60  16.88  2.04  30.01  2.76 
6  5/3  2  10.03  1.06  13.43  1.33  23.40  3.08 
6  5/3  3  17.09  2.82  11.89  1.91  37.52  1.73 
6  5/0  2  7.97  3.17  14.34  1.11  18.07  2.27 
6  5/0  3  13.26  2.17  8.80  0.70  29.83  1.72 
6  5/-5  2  9.09  1.96  9.18  0.90  18.26  0.65 
6  5/-5  3  13.43  3.31  10.67  2.17  33.55  2.71 
7  0/0  2  7.68  2.41  16.10  0.48  39.61  2.10 
7  0/0  3  11.46  2.71  18.67  1.23  44.78  1.22 
7  0/3  2  8.56  3.39  14.97  3.00  40.52  3.45 
7  0/3  3  7.35  3.03  15.81  1.53  47.97  1.71 
7  0/-5  2  8.42  4.93  17.13  1.77  38.84  2.91 
7  0/-5  3  11.57  5.04  21.18  2.28  43.74  2.90 
7  5/3  2  10.12  6.18  15.28  0.16  38.00  2.01 
7  5/3  3  9.34  2.09  19.23  1.25  48.03  0.39 
7  5/0  2  9.19  3.89  14.97  0.82  39.94  2.91 
7  5/0  3  14.49  7.20  19.83  2.19  45.88  4.63 
7  5/-5  2  8.60  1.04  14.58  1.40  34.36  4.81 
7  5/-5  3  9.36  3.51  22.07  2.42  40.11  3.39 
8  0/0  2  11.78  3.28  11.05  3.28  18.24  2.57 
8  0/0  3  18.67  5.15  15.46  5.82  29.44  7.31 
8  0/3  2  9.78  1.13  11.42  2.37  28.86  4.53 
8  0/3  3  9.19  0.26  9.00  0.92  24.16  7.57 
8  0/-5  2  14.17  0.95  13.55  3.08  19.25  3.01 
8  0/-5  3  15.12  1.39  14.99  2.55  16.83  3.36 
8  5/3  2  10.05  1.71  7.18  0.44  17.81  3.02 
8  5/3  3  22.52  4.23  15.13  2.81  18.64  6.57 
8  5/0  2  7.56  0.54  13.15  4.71  20.78  1.26 
8  5/0  3  16.53  1.78  14.97  5.04  22.51  1.85 
8  5/-5  2  18.68  1.81  15.02  0.90  17.47  1.96 
8  5/-5  3  19.15  3.09  15.40  1.84  12.78  2.18 160 
Subject  Seat  Speed  CMMX  S. D.  CMMY  S. D.  CMMZ  S. D. 
Position 
9  0/0  2  10.58  3.82  17.46  13.90  19.37  7.15 
9  0/0  3  6.16  2.11  13.64  5.55  16.19  5.17 
9  0/3  2  12.49  8.23  16.91  6.64  14.25  4.71 
9  0/3  3  6.88  2.29  13.17  3.94  14.64  3.67 
9  0/-5  2  5.81  2.14  14.07  6.69  22.25  2.29 
9  0/-5  3  15.73  6.72  13.46  5.14  26.24  2.13 
9  5/3  2  10.00  6.07  9.48  2.13  12.72  2.08 
9  5/3  3  2.75  0.86  10.42  1.31  12.44  4.26 
9  5/0  2  12.03  7.55  12.45  1.11  20.39  1.34 
9  5/0  3  6.42  2.79  7.17  3.63  8.72  0.76 
9  5/-5  2  6.94  2.93  10.97  4.60  17.59  2.46 
9  5/-5  3  10.58  3.55  11.99  5.28  23.13  2.71 
10  0/0  2  11.51  6.96  13.79  2.36  31.27  6.71 
10  0/0  3  11.38  7.30  19.67  4.09  40.31  6.84 
10  0/3  2  5.36  2.58  7.54  3.26  26.49  5.27 
10  0/3  3  5.14  2.02  10.04  1.57  37.02  4.38 
10  0/-5  2  6.17  4.59  18.24  2.39  33.79  1.10 
10  0/-5  3  6.27  3.24  22.30  3.08  42.03  1.85 
10  5/3  2  9.25  5.09  10.49  4.75  29.14  10.82 
10  5/3  3  8.79  4.66  15.13  3.63  39.61  8.18 
10  5/0  2  11.69  5.48  16.71  3.27  29.14  10.44 
10  5/0  3  11.32  4.76  18.76  3.89  41.31  7.01 
10  5/-5  2  7.04  4.11  12.90  1.10  26.25  5.30 
10  5/-5  3  9.93  5.20  15.91  2.89  31.96  1.77 
11  0/0  2  4.72  0.64  8.62  0.81  19.41  2.04 
11  0/0  3  9.15  1.04  8.42  2.43  31.01  1.31 
11  0/3  2  4.80  1.11  6.29  0.87  18.57  1.22 
11  0/3  3  4.91  1.64  6.38  1.35  20.42  2.62 
11  0/-5  2  8.17  0.89  11.29  2.66  16.73  1.88 
11  0/-5  3  7.38  1.10  11.91  1.02  17.57  2.07 
11  5/3  2  6.66  1.46  9.20  1.18  19.89  1.00 
11  5/3  3  12.98  1.29  16.56  3.54  27.34  4.56 
11  5/0  2  8.47  1.57  9.10  0.76  21.50  1.48 
11  5/0  3  4.33  2.66  11.48  1.22  23.94  0.71 
11  5/-5  2  5.78  1.42  9.16  2.28  16.29  2.56 
11  5/-5  3  10.17  2.56  10.76  2.41  15.39  2.64 
12  0/0  2  5.16  2.42  8.38  0.69  25.68  0.80 
12  0/0  3  5.12  0.67  9.42  1.66  30.14  3.52 
12  0/3  2  15.45  11.74  8.99  0.80  26.62  2.28 
12  0/3  3  2.83  0.74  11.08  2.05  28.43  4.48 
12  0/-5  2  3.57  0.94  11.75  1.62  23.59  2.28 
12  0/-5  3  7.13  3.82  10.34  0.63  27.63  3.11 
12  5/3  2  6.47  0.99  11.50  1.47  25.92  1.39 
12  5/3  3  4.18  0.27  11.90  0.51  26.32  1.69 
12  5/0  2  7.25  3.38  11.47  0.78  24.85  0.70 
12  5/0  3  6.47  2.83  11.78  1.00  25.73  2.41 
12  5/-5  2  4.53  1.86  14.54  3.03  23.94  2.41 
12  5/-5  3  5.12  1.75  10.87  1.84  30.83  2.19 161 
Subject  Seat  Speed  CMMX  S. D.  CMMY  S. D.  CMMZ  S. D. 
Position 
13  0/0  2  18.84  1.07  14.08  2.15  35.40  4.53 
13  0/0  3  23.98  1.18  19.97  1.28  43.10  4.61 
13  0/3  2  21.96  2.72  13.42  1.99  38.23  4.05 
13  0/3  3  19.66  2.14  13.11  2.87  43.19  3.12 
13  0/-5  2  14.98  2.43  17.01  1.63  29.24  5.60 
13  0/-5  3  24.21  2.07  21.47  1.19  38.21  4.19 
13  5/3  2  20.79  1.43  15.51  1.88  42.00  3.86 
13  5/3  3  23.28  3.95  19.82  2.09  49.05  2.48 
13  5/0  2  19.54  2.19  14.14  0.80  30.91  6.66 
13  5/0  3  22.33  2.67  16.53  1.94  41.78  6.28 
13  5/-5  2  18.59  1.03  18.29  1.32  32.88  1.90 
13  5/-5  3  20.48  1.11  24.96  3.92  49.56  2.58 
14  0/0  2  6.07  1.97  10.49  3.90  23.02  4.87 
14  0/0  3  6.82  2.38  9.18  1.79  29.40  2.46 
14  0/3  2  5.41  0.47  7.23  1.52  18.08  1.40 
14  0/3  3  8.91  1.77  15.86  2.08  33.68  5.87 
14  0/-5  2  8.21  2.46  26.18  4.97  52.06  10.63 
14  0/-5  3  8.32  2.10  14.02  3.76  36.69  2.18 
14  5/3  2  10.24  5.63  19.35  4.56  47.28  5.02 
14  5/3  3  6.05  4.52  10.55  3.25  32.09  9.00 
14  5/0  2  8.31  6.80  15.47  4.87  36.20  5.15 
14  5/0  3  13.67  4.62  25.40  3.98  50.26  7.60 
14  5/-5  2  6.08  3.03  14.02  3.25  38.94  2.37 
14  5/-5  3  6.49  0.64  24.81  1.67  44.26  5.59 
15  0/0  2  3.61  0.55  8.81  1.26  23.31  2.55 
15  0/0  3  4.32  1.93  9.92  0.25  24.96  1.91 
15  0/3  2  5.22  2.42  8.31  2.08  23.22  1.00 
15  0/3  3  6.30  2.13  7.49  1.55  27.57  3.18 
15  0/-5  2  4.73  0.61  13.98  1.62  29.13  1.97 
15  0/-5  3  6.06  3.02  13.71  1.77  28.46  0.91 
15  5/3  2  3.91  2.47  8.24  0.35  26.63  3.18 
15  5/3  3  6.98  4.89  12.44  2.66  27.25  3.42 
15  5/0  2  4.81  2.66  8.93  1.38  23.72  1.14 
15  5/0  3  4.27  0.38  11.98  0.42  26.50  1.97 
15  5/-5  2  5.42  0.90  9.08  1.54  21.47  0.96 
15  5/-5  3  6.33  1.15  11.45  2.21  28.60  1.92 162 
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Digitized Points  Calibrated Points  Differences 
Point 
Number 
1  509.3  520.7  321.9  512.0  520.0  321.0  2.69  0.75  0.93 
2  778.1  789.8  488.8  769.0  781.0  483.0  9.12  8.89  5.89 
3  505.9  1554.5  319.0  506.0  1551.0  316.5  0.05  3.57  2.58 
4  766.7  1295.6  476.4  766.0  1295.0  480.0  0.71  0.63  3.55 
5  1542.7  1553.9  317.0  1544.0  1551.0  316.5  1.21  2.90  0.57 
6  1280.9  1294.0  478.9  1284.0  1295.0  480.0  3.06  0.94  1.10 
7  1536.1  523.1  319.8  1537.5  520.0  321.0  1.39  3.10  1.17 
8  1282.1  780.2  484.0  1281.0  781.0  483.0  1.15  0.80  1.05 
9  1538.2  524.0  962.2  1537.5  520.0  965.0  0.74  4.06  2.80 
10  1285.6  775.5  802.8  1281.0  781.0  803.0  4.64  5.45  0.13 
11  1542.5  1554.0  969.5  1544.0  1551.0  969.5  1.41  3.06  0.07 
12  1285.6  1297.2  803.8  1284.0  1295.0  806.0  1.63  2.26  2.12 
13  509.1  1551.6  967.1  506.0  1551.0  969.5  3.16  0.62  2.38 
14  764.7  1295.7  806.3  766.0  1295.0  806.0  1.28  0.73  0.30 
15  510.6  524.2  965.5  512.0  520.0  965.0  1.32  4.24  0.50 
16  763.3  779.9  798.5  769.0  781.0  803.0  5.63  1.07  4.48 
Mean  2.45  2.69  1.85 